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(54) THERMAL SHOCK AND CREEP RESISTANT POROUS MULLTTE ARTICLE PREPARED 
FROM TOPAZ AND ITS MANUFACTURE 

(57)Abstract: 

PURPOSE: To obtain an article having high thermal shock resistance by using topaz crystals 
produced from hydrated AIF3 and Si02 as a reactant of Si02 and AIF3 to form a mullite whisker 
article by synthesis in site. 

CONSTITUTION: A mixture of AIF3.xH20 and Si02 in an almost stoichiometric ratio for forming 
topaz is mixed with a binder to form a sort of porcelain earth. The porcelain earth is extrusion- 
molded in a bar shape and is fired while removing volatile matter until complete conversion into 
mutually combined bar-shaped topaz crystals takes place. The topaz crystals are 
communicated and mixed with a binder and Si02, Si02 and AIF3.xH2Q, or Si02, AIF3.xH20 and 
AI203 in a stoichiometric ratio for forming mullite. The mixture is molded in a honeycomb shape 
by a method such as extrusion molding or injection molding and the resultant molding is sintered 
at a high temp, while removing SiF4-contg. volatile matter until complete conversion into high 
density mullite whiskers takes place. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]a) Manufacture a mixture of a temporary binder, hydrated aluminum fluoride, and a silica 
dioxide (a rate of aluminum fluoride and a silica dioxide is almost stoichiometrical here in order to 
make topaz generate).; 

b) Make a plastic matter which adhered generate this mixture from a step (a).; 

c) Burn until it converts this plastic matter from a step (b) into a bar shape topaz crystal which 
this plastic matter linked thoroughly substantially, removing volatile matter.; 

d) Collect linked this bar shape topaz crystals, and them together with a temporary binder, A 
silica dioxide, a silica dioxide, hydrated aluminum fluoride, and a silica dioxide, It mixes with a 
substance chosen from a group which comprises aluminum fluoride and alumina which were 
hydrated (this substance is substantially mixed with this topaz at a stoichiometrical rate here, in 
order to manufacture mullite).; 

e) At temperature raised while removing volatile matter containing making [ generate a mixture 
from a step (d) ]-honeycomb;, and f silicon tetrafluoride this honeycomb, A method for making an 
article containing a linked mullite whisker which has a step of burning [ so that this volatile 
matter may be generated until perfect conversion occurs substantially ]; to a mullite whisker of 
this honeycomb of a honeycomb form generate. 

[Claim 2]a) Manufacture a mixture of a temporary binder, hydrated aluminum fluoride, and a silica 
dioxide (a rate of aluminum fluoride hydrated here and a silica dioxide is almost stoichiometrical 
in order to make topaz generate).; 

b) Make a plastic matter which adhered generate this mixture from a step (a).; 

c) Burn until it converts this plastic matter from a step (b) into a bar shape topaz crystal which 
this plastic matter linked thoroughly substantially.; 

d) These bar shape topaz crystals are collected with a substance which can make mullite 
generate by a reaction with topaz (here this substance). It is chosen out of a group which 
comprises a dioxide and a silica dioxide together with a temporary binder, hydrated aluminum 
fluoride and a silica dioxide, hydrated aluminum fluoride, and alumina.; 

e) At temperature raised while removing making [ generate a mixture from a step (d) ]- 
honeycomb;, and f volatile matter this honeycomb, So that they may be generated until 
substantially perfect conversion to a mullite whisker of this honeycomb occurs. Have a step of 
burning; and here a step (a) and combustion in (f). Gas generated by the outside of a furnace 
from the inside of a furnace is carried out during this reaction in a furnace continuously provided 
with a peristalsis nature pump system of the suck exterior, And a way for making an article 
containing a linked mullite whisker of a honeycomb form generate gas inhaled from a furnace is 
charged by scrubber device. 

[Claim 3]A honeycomb borne at a heat shock and creep of a mullite whisker in which it changes 
from a network which carried out three-dimensional link intrinsically, and this honeycomb has 
less than 75% of porosity. 

[Claim 4]It is a honeycomb containing a mullite whisker manufactured from a reaction of a 
physical mixture which comprises intrinsically a linked bar shape topaz crystal with a silica 
dioxide of about 18:1 weight ratio, A honeycomb which this mixture is held together with a 
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binder, and is extruded and formed in advance of combustion at a temperature higher than about 
1 400 **. 

[Claim 5]It is a honeycomb containing a linked mullite whisker which was manufactured by the 
reaction of a linked bar shape topaz crystal and a mixture of a silica dioxide and an aluminum 
fluoride hydrate, A honeycomb which this topaz, a silica dioxide, and aluminum fluoride are held 
together with a binder, and is extruded and formed in advance of combustion at a temperature 
higher than about 1 400 **. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCFaPTION 



[Detailed Description of the Invention] 
[0001] 

[Background of the Invention]This invention about the ceramic article based on the mullite 
whisker crystal network which carried out three-dimensional link, And it is turned especially to 
use of the topaz crystal as a reactant [ in / for the mullite whisker article manufactured without 
conventional sintering / composition on the spot of densification and the mullite whisker for 
strengthening ]. Especially this invention relates to the reaction in the spot of the linked topaz 
crystal in a plastic matter (shaped green bodies) with a form, and the honeycomb extruded 
especially and a silica dioxide or a topaz crystal, a silica dioxide, and the hydrated aluminum 
fluoride. 

[0002]The ceramic article with the form which shows an advanced heat shock and creep 
tolerance, Commercially [ a large number ] Important application, for example, a diesel engine 
particle trap, a heat gas filter, the catalyst substrate for the base for a molten-metal filter and 
an abandonment catalyst, and ozone conversion, and an electric power gas turbine — and it has 
the application as a catalyst substrate for the precious-metals burner (KATOKOMU (Catcom)) 
used in a metal matrix composite. However, some big problems bar such use of ceramics. It is 
sensitive to the damage by which ceramics are caused in the first place by a heat shock and/or 
creep, for example, cracking. It is difficult that ceramic structure often machines another 
problem or to double, and produces from the fact of making it difficult to manufacture the 
ceramic article which has a form with complicated it. This is especially true, the structure, for 
example, the honeycomb, of a thin wall. 

[0003]Mullite is widely used in many ceramic uses, and is crystalline aluminium silicate of an 
approximate experimental presentation and 3aluminum203.2Si02. Although mullite is 

characterized by a characteristic diffraction pattern, mullite is a crystal of the form of the cigar 
similar to prism which exists in the form of a clearly different crystal and is called type with the 
most general thing "needlelike" occasionally. The mullite of this form exists as "clamp (clumps)", 
and can be obtained by burning clay, for example. Mullite is also compoundable as a smooth 
extended single crystal (whisker). A whisker has an aspect ratio notably higher than the crystal 
similar to the prism in a conventional mullite substance. Mullite is also compoundable as textiles 
extended highly again. Generally, the mullite of all the forms carries out owner Perilla frutescens 
(L.) Britton var. crispa (Thunb.) Decne. of many of known valuable character of alumina, for 
example, high melting points, in addition shows physical and other chemical nature [ being 
valuable ]. However, when mullite is generated as a whisker, the usual intensity accompanying a 
single crystal is obtained. Topaz (aluminum2Si04F2) is usually obtained as thickset bar shape 

crystal that has ah aspect ratio notably lower than a mullite whisker. Topaz can be characterized 
with a specific X diffraction pattern, and can be converted into the mullite of various forms by a 
reaction with a silica dioxide. 

[0004]This art is abundant in suggestion which uses various whiskers containing a mullite 
whisker, in order to strengthen ceramics. Generally, in such use, a whisker is used as a separate 
non-conglomerate crystal generated by the composite by conventional sintering art. Originally 
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this restricts the content of the mullite in the ceramic article which does in this way and is 
manufactured, and introduces the substance which carries out flux potentially (fluxing). The 
mullite article based on the composite which includes addition of a separate single whisker in this 
way cannot be used at a high temperature as the temperature which pure mullite can survive, 
but it is made required that manufacture of such a composite deals with fibrous material. 
[0005] Various methods have been suggested in the advanced technology for manufacture of the 
mullite of the form of a whisker. Solid in a high temperature accompanied by [ generally ] 
discharge of a gaseous by-product in these - solid reaction is included. Generation of the mullite 
whisker from the reaction of anhydrous aluminum trifluoride (or aluminum trifluoride and alumina) 
and a silica dioxide, and a topaz intermediate, All are described in U.S.4,910,172 of Talmy (Talmy) 
and others, 4,911,902, and 4,984,766. These reactants pass the crystalline phase of topaz, before 
a mullite crystal is generated. According to instruction of these patents, the solid reactant must 
be anhydrous, and it must exist in order for an anhydrous silicon tetrafluoride atmosphere to 
make a mullite whisker generate. U. In S.4,984,766, he converts a preforming article with the 
porous form containing a reactant and an organic binder into the altitude illustrated in the 
example as a small disk at porous felt and follows a plastic matter without isolation of a topaz 
intermediate through a topaz intermediate stage. An eariy plastic matter is porosity highly so 
that felt may be so. 

[0006]The application which is continuing both this invention persons, and USSN 07/386,186 are 
turned to the chemical route in the spot for manufacturing the porous mullite ceramic part of the 
form near the network from a precursor by which preforming was carried out This invention 
enables formation of a form complicated to an altitude like the honeycomb of a thin wall, and and 
it, Blowing away the volatile resultant containing silicon tetrafluoride and water from a plastic 
matter. It is inevitably accompanied by heating the plastic matter (coherent) containing the 
mixture of the aluminum fluoride in about 12:13 mole ratio which was powdered finely and 
hydrated, and a silica dioxide which adhered together with a temporary binder. These reactants 
are the following formulas. : [0007] 
[Formula 1] 

12AIF3.xH20+13Si02=2(3aluminum203.2Si02)+9SiF4+xH20 Mullite is made to generate according 
to (1 [the inside of a formula and X can be about 3, and can also be [ about nine ] appropriately 
high]). A topaz intermediate (aluminum2Si04F2) is generated in the temperature of about 600 ** 
- 800 **, and this reaction brings about generation of a mullite whisker as a result above 890 **. 
These topaz intermediates are not collected in this method 

[0008]The mullite whisker output acquired by a reaction (1) is about 80% porosity highly at 

porosity and a type target. 

And they are comparatively weak in this way. 

However, many of important potential commercial application for an article with the form of a 
high mullite whisker content requires higher Intensity, having micro and a macrostructure object 
[ that it is desirable in addition ]. 
[0009] 

[Abstract]A useful mullite whisker article manufactures the topaz crystal linked from the mixture 
near the amount of stoichiometries of the hydrated aluminum fluoride and the silica dioxide in 
the form of the plastic matter which adhered by the process in the spot, And the linked topaz (or 
topaz crystal linked from another sauce) which was collected in this way next as a reactant with 
the additional silica of an objective form or silica, and aluminum fluoride with a form. It was found 
out here that it can manufacture by using it and making a densification mullite whisker article 
generate by composition on the spot. 

[0010]The topaz crystal manufactured in one embodiment of this invention from the mixture near 
the hydrated amount of stoichiometries of aluminum fluoride and a silica dioxide, Although it is 
mixed, the plastic matter which adhered, for example, the spaghetti-like extrusion thing, together 
with a temporary binder, and is generated by them and the bar shape topaz crystal which these 
plastic matters were heated by the temperature of the range of about 600-800 **, and was 
linked is comprised. The plastic matter of the same size and a form is made to generate 
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intrinsically as a plastic matter. The emitted volatile matter which contains water and silicon 
tetrafluoride between this reaction is blown away from a solid. Since a topaz crystal is not a 
whisker, they have only been linked merely weakly, in this way — topaz — the body is not 
comparatively weak — and — for example, it can grind in size finer than 100 meshes, or an 
extrusion thing fractures an extrusion thing as a result to the small particles of the linked topaz 
crystal — I will come out — it is mixable with other ingredients in a ball mill. 
[0011]One desirable embodiment of this invention actually sets, Thus, next the topaz generated 
together with additional aluminum fluoride and silica dioxide which were hydrated, a plastic 
matter with another form — it being preferably fabricated by the honeycomb and here these 
substances, It is used in the quantity to topaz in which some silica dioxides react to topaz, and it 
makes a mullite whisker generate, and another portion of this dioxide reacts to aluminum fluoride, 
and an additional mullite whisker is made to generate. This plastic matter burns next, blowing 
away volatile matter with air or nitrogen, and makes the network which the mullite whisker linked 
generate, and makes the article of big density and intensity generate rather than obtained by a 
reaction (1). an especially desirable operative condition — the object which sets like and is 
derived from these two sauce of a mullite whisker and which burned — alumina to mullite - silica 
— sol — densification is further carried out by making a precursor invade. Carrying out the deer 
of the sol, this composite burns in order to convert into the additional mullite which probably is 
not in a whisker form. In another desirable embodiment of this invention. The bigger mullite 
whisker article of intensity and density is manufactured by mixing with a stoichiometrical 
quantity of a silica dioxide the conglomerate of the topaz crystal manufactured in the top as 
stated to make mullite generate together with a temporary binder This mixture is fabricated to a 
plastic matter, these plastic matters are burned in a top [ it / sufficient temperature for making 
mullite generate, for example 890 **, and ], and time, and the reaction of the crystal topaz 
precursor which linked all the mullite whiskers by it, and the added silica dioxide is made to 
generate. This is led to an article denser than what is obtained by a reaction with aluminum 
fluoride and the silica dioxide in which quantity to the extent that it accepts as few porous 
articles (it is dense) and the conglomerate of a topaz crystal was added rather than obtained by 
the formula (1). Desirable use of honeycomb whisker output is as a base for the precious metal 
catalyst for use by a Catcom use. The base substance of heat shock tolerance is needed in such 
a use. That is because it must survive to the heat stress derived by the remarkable heat 
inclination made as a result of the scram of a gas turbine, for example. It is expected that these 
stops break out between the lives of this gas generator many times. The simplified methods 
expressing the heat stress in a solid cylinder-like object are the following relations. : [001 2] 
[Equation 1] 

or = Ea CTg-Tp) / (2 (1-v) ) 

It can give by [sigma is heat stress among a formula, E is an elastic modulus, alpha is a 
coefficient of thermal expansion, v is a Poisson's ratio and Tg and Tq are the surfaces and 

central temperature of a cylinder, respectively]. 

[0013]When moving this invention to operation, a topaz reactant, An aluminum fluoride hydrate, 
for example, AIF^.SH amorphous or a crystalline silica dioxide. Although topaz is preferably 

generated without the silica dioxide of isolation, substantially A stoichiometrical rate, For 
example, the aluminum trifluoride (anhydrous standard) of about 54 to 62 weight section is used 
to the silica dioxide of 42 weight sections corresponding to about 1 mol [ per mol of SiOg ] AIF3, 

and it is preferably manufactured by mixing. Aluminum fluoride and a silica dioxide are the forms 
of particles, mixing this mixture thoroughly, temporary binder substance, for example, methyl 
cellulose, and this binder being added here, got dry, and continuing — a fluid vehicle — water is 
added preferably or a binder is added as solution or dispersion liquid. Enough fluid vehicles to 
supply the mixture of the stiffness (consistency) in which extrusion is possible are added. The 
formal plastic matter which is mixed thoroughly, and extrudes this mixture in advance of 
extrusion, and is easy to receive desiccation and combustion is made to generate. Enough 
binders to attain the green extrusion thing of intensity suitable in order handling easily are used. 
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The result of having excelled by extruding this mixture in the extrusion thing of the shape of thin 
spaghetti as which suitable arbitrary paths, for example, a thing (0.8 mm - 6.4 mm), may be 
sufficient has been obtained. Beating these extrusion things on a pellet can also be finished 
before desiccation and combustion, or these extrusion things can also be dried and burned. Next, 
when grinding the extrusion thing of the linked topaz crystal, it is crushed to finer particles. 
[0014]In order to strengthen a plastic matter by gelling of a binder, for example, methyl cellulose, 
so that a piece can be dealt with still more easily between the continuing combustion steps, it is 
preferred to dry a plastic matter before combustion. Combustion is preferably carried out at the 
furnace which can be operated at a high temperature of about 1500 *♦ which has the capability 
to drive out the fluorine containing gas emitted between topaz and a mullite generation reaction. 
Although removal of fluorine containing gas is placed by the outside of the furnace, it is attained 
by the peristalsis nature pump connected to the exit gate of a furnace via the tube of refractory. 
When operated, a pump sends gas to the scrubbing device for inhaling gas outside from the 
inside of a furnace, and converting output into a comparatively harmless solid output, for 
example, NaF, and Si02. A peristalsis nature pump removes fluorine containing gas, especially HF 
fr"om a reaction chamber, and it is needed in order to protect a furnace adaption kit (furniture) 
and a heater element by minimizing the holding time of these gases inside a furnace. As a result 
of an operation of this pump, silicon tetrafluoride is quicker than that it is continuously removed 
from a reaction chamber and it is made common again. 

[0015]The reactant for manufacturing mullite including the linked topaz crystal which was 
preferably generated in operation of this invention in the top as stated, It mixes with the silica 
dioxide together with a suitable binder, for example, methyl cellulose, and water or a silica 
dioxide, and the hydrated aluminum fluoride thoroughly. Other suitable binders contain alginate, 
polyethylene oxide, resin, starch, guar rubber, and a wax, for example. Arguing about selection of 
the suitable binder for manufacturing a topaz intermediate and a mullite whisker article in U.S. 
Pat. No. 4,551,295, the instruction is incorporated by quotation into this specification. A reactant 
is fabricated by the desired form using extrusion, injection molding, low pressure injection 
molding, a press, tape casting, or the suitable ceramic treatment technique of arbitrary others 
following mixing with a binder. 

[0016]as particles also with a fine aluminum oxide — and a reactant ingredient — that is. It may 
add to the reactant component mixture which contains an aluminum fluoride hydrate, a silica 
dioxide, and topaz by 1 to 10% of weight ratio based on the total dry weight of aluminum fluoride 
hydrate+2 silicon oxide, topaz, and alumina. Other forms can also be used although alpha-alumina 
is suitable. The main reasons for aluminum oxide addition are making it react to an unreacted 
silica dioxide at the raised temperature, and making mullite particles generate. Since it may 
volatilize before it reacts to a silica dioxide, a part of aluminum fluoride may stop some silica 
dioxides as it is unreacted. This will bring about as a result the superfluous silica dioxide which 
may not be desirable in the final product, when the amount of stoichiometries of aluminum 
fluoride and a silica dioxide is added by the reactant component mixture. Next, a superfluous 
aluminum oxide is made to react to this silica, and mullite particles are made to generate. When 
an aluminum oxide is added by the reactant component mixture, some portions of that will react 
to this superfluous silica, and, on the other hand, the remainder may stop unreacted. In this way, 
the honeycomb output in which the last burned may contain an unreacted aluminum oxide. 
[0017]When carrying out this invention, the piece by which the reactant by which disintegration 
was carried out, and the binder were fabricated, A precursor mixture is converted into a mullite 
whisker, while being among the flow with which air or nitrogen flows, and burning to a desired 
temperature (900 ** and above it) and suspending the original form, in order to blow away the 
volatile matter which is not limited to these, although silicon tetrafluoride and water are included. 
There is no matrix and output is a form of the article which links and comprises the branched 
mullite whisker intrinsically and which has a porous form very much, 

[OOlBJIn this method of manufacturing mullite, a possibility that the article which burned may 
contain the fluoride ion of the amount of traces is peculiar. Since even the very low 
concentration of fluoride ion may carry out poisoning of many catalysts, when they are due to be 
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used as a base material for a metal catalyst, it is important that the fabricated mullite article 
does not contain fluoride in essence. The whole surface of this invention includes manufacturing 
a mullite article by the described route, and obtaining such an article on the conditions which do 
not contain fluoride. The practical method of fluoride ion removal includes use of steam or the 
overheated steam. For example, after a honeycomb useful as a base material for a metal catalyst 
burns it, can make it immersed during the overheated concentrated-sulfuric-acid (900 **) bath, 
and/or it makes steam able to pass through it, and can remove fluoride ion. Instead, a hydrogen 
purge is an effective remover of fluoride ion. This result is a mullite honeycomb base material 
which does not contain fluoride ion in essence. 

[0019]Since the method of manufacturing the porous mullite article described here can 
manufacture an article with the form where it has very high heat shock tolerance, at 
comparatively low cost by this route, it is especially attractive. These articles are the amounts 
of gravities, and have very high creep tolerance. According to this invention, the article which 
has a complicated or thin form can be manufactured comparatively easily. An example is a 
functional form of a request of arbitrary others selected in order to be helpful as a functional 
object of a honeycomb form, a corrugated sheet, a net form (Kushigata) piece, form, a doughnut 
or a filter, a catalyst substrate, a particle trap, or others, or [ that these articles are made 
without cracking by the form near a network ] — and/or. it may be machined widely. The wall of 
the catalyst substrate which has high granularity can be manufactured, and the mullite article of 
high specific strength (intensity/density) can be attained without the phase of the glass which 
remains in any way existing. 

[0020]The base material described into the refractories catalyst base material (incorporated by 
quotation into this specification), for example, U.S. Pat. No. 3,565,830, constitutes advantageous 
use of this invention. The coat of the mullite base material manufactured according to this 
invention may be catalytically carried out easily with an activity oxide, for example, alumina, and 
it may be impregnated with a platinum metal for use by the thing which was patenting the 
catalyst, for example, quotation, next and was described. 

[0021 ]A refractories catalyst base material is needed for the method (KATOKOMU) turned to 
the heat combustion which was described, for example into U.S. Pat. No. 3,928,961 and 4,893,465 
(incorporated by quotation into this specification), and which was supported catalytically again. 
Although the mullite catalyst base material manufactured according to this invention was 
described in these patents, it is fully exceptionally [ because of the use in the catalyzed 
combustion method / like ] suitable. 

[0022]Two articles of each other manufactured with the precursor mixture according to this 
invention are joinable by heat treatment. Manufacturing good junction between two similar 
substances has an advantage. A certain kind of catalytic application requires the honeycomb 
piece of big size. More than about 12 inches or it may be [ diesel engine particle filter ] sufficient 
as a path. The big piece of the article of a honeycomb form is needed for application of catalytic 
combustion. Thus, the extrusion of a big piece is dramatically difficult. Since the junction 
between two articles made from this substance has good quality, the big piece can assemble it 
by joining the extruded smaller parts. For example, a cylinder-like honeycomb material can be 
assembled by uniting four pieces of the cylinder of the circle of a quarter. In this method, some 
small pieces of aluminum fluoride of green particles, a silica dioxide, and a binder mixture, It joins 
by either putting on contact perfect before combustion, or pressing the piece which is not 
burned [ smaller ] together, and combustion is made to, generate the big article of a 
comparatively much more complicated form as a result. Refer to Examples 4 and 1 6. The article 
made by the topaz reactant 16, for example, an example, in order to make a zygote Qoint) 
generate is preferred because of the density which increased. 

[0023]The pure mullite ceramics of this invention have the very high melting point (> 1880 **). 
Manufacture of the article which comprises a whisker is an especially easy and beautiful method. 
It is because the problem of healthy and safety accompanying the whisker which it is not 
necessary to distribute the whisker of mullite or others, and these whiskers are generated 
between heating of an article with the form made from the precursor mixture, and may be 
absorbed in this way is avoided. 
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[0024]Clay can also be used in a small amount, in order to improve the extrusion nature of a 
honeycomb. Clay is plasticity from any of silica, aluminum fluoride, or the linked topaz. The 
plasticity which the extrusion thing mixture accompanied by clay addition increased increases 
the ease of extrusion. It adds into the dry mixture or such clay can be entrapped in a binder 
solution. Suitable clay contains bentonite, ata PAL JIAITO, a palygorskite, a MONTOMORIRO 
night, pyrophyllite, and kaolin, for example. 

[0025]Another field of this invention includes improving the intensity of a mullite article in 
advance of the conversion to topaz by grinding a reactant, before mixing topaz with other 
reactants and making a mullite whisker generate. The grinding of the reactant to the grain size 
below about 45 microns can improve the compressive strength of a mullite article. Being able to 
carry out such grinding or grain-size reduction by various methods, a ball mill is one 
[ comparatively convenient ] of the methods known well. Ball mixing will also be helpful in order 
to decrease the spaghetti-like extrusion thing of the linked topaz crystal to particles finer than 
45 microns small [ the linked topaz ]. 

[0026]Finaliy, processing of a whisker has the latency which makes the danger on [ grave ] 
healthy so that a person skilled in the art may accept. In the manufacturing route of this 
invention, a whisker stops as it was generated on that spot from the powder in the raised 
temperature and it linked. It is not necessary to deal with the whisker released in this way 
between the manufacturing routes which are the theme of this invention. 

[0027]The following is detailed explanation of the factor which should be taken into consideration 
when choosing the ingredient used in operation of this invention, and the factor which affects 
the microstructure and macrostructure of mullite whisker output of this invention especially. 
[0028]It is made from this invention persons' mullite single crystal whisker which linked 
mechanically both the mullite whisker articles of the application (07/386,186) under continuation, 
and has a low elastic modulus. A low elastic modulus originates in the character which output 
mainly opened dramatically, the article made by making aluminum fluoride 3 hydrate and silica 
react according to a formula (1) — 80% — or it is porosity more. In a typical reaction : [0029] ' 
[Formula 2] 

12(AIF3.3H20)+13Si02=2(3aluminum203.2Si02)+9SiF4 (g) +36H2O (g) It is 1656 g 780 g 852 g. A 

2436-g solid makes 852 g of solid mullite generate in all. This number suggests 65% of start solid 
reacting and making gaseous output generate. However, additional porosity is granted by 
discharge of the volatile by-product derived from the drugs used when combining these 
reactants with the article of the form of a new network, in this way — these reactants — 
desirable — 2 to 8% of the weight of a weight ratio — a binder — it is preferably mixed with an 
organic binder, for example, methyl cellulose, a liquid binder/plasticizer — desirable — water — 
10 to 30% — and it fabricates by about 20% of weight ratio easily by adding into this mixture 
typically. Next, it uniforms to paste (dough) and the form of a honeycomb is made to generate by 
using the extrusion of the mixture which lets the die orifice following it, one, for example, PAGGU 
milling, of the blending technique with which some can use this mixture and, pass. Next, this 
honeycomb is dried, and it burns in a furnace, and the reaction to mullite is completed. 
[0030]The extruded plastic matter which is obtained by a reaction (1) is by no means dense 
100%. Probably, depending on the form and some extrusion parameters of the quality of 
distribution, particle size distribution, extrusion pressure, and a die, some porosity exists in the 
plastic matter. The porosity of the plastic matter will be changed in for 1 to 15% notably less 
than the porosity of the green disk of U.S.4,984,766. If 5% of porosity (that is, actual density is 5% 
lower than theoretical density) in a green honeycomb is assumed and 20% and 5% of water and 
the binder content of a reactant solid are assumed, it will be expected that the density of the 
piece which burned is 23% of the theoretical density of mullite. Mix aluminum fluoride 3 1656 g 
hydrate, a 780-g silica dioxide, 487 g of water, and a 122-g binder, and a honeycomb is made to 
generate as an example, then this honeycomb is burned, and 852 g of mullite is obtained Output 
is 28% slightly [ the original weight ]. When it doubles with 5% of original porosity, about 23% of 
this mullite whisker honeycomb is dense, or about 77% is porosity. This calculation suggests that 
this invention persons' honeycomb piece in which both the patent application under continuation 
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burned is 80% porosity. Measurement checks this presumption. 

[0031 ]In spite of the fact of losing a portion with remarkable weight of the origin of it, I hear that 
a plastic matter must stop the form of a plastic matter, and the honeycomb in which the very 
important factor included during manufacture of a mullite whisker honeycomb burned has it. 
mullite particles have a dense micro structure of the mullite obtained from a reaction — and 
homaxial — if it seems to be isotropy in three dimensions-like, i.e., to some extent, unity strong 
between each particles may not exist. The form of the original honeycomb may not be 
suspended by lack of strong three-dimensional unity. This output will return to the form of the 
powder which separated when burning, and will collapse from the form of the honeycomb. The 
form of a hard honeycomb is acquired when burning for a unique micro structure as shown in 
drawing 2 - 4. A mullite crystal is generated in the form of a whisker. Each whisker is dense 
single crystal nature which has branched as shown in drawing 4. 

It is mechanically connected to one more and these whiskers make a three-dimensional hard 
object. 

A whisker is anisotropy. Those aspect ratios are high and are generally more than 1 00 or it. The 
three dimensional object made from the linked whisker may carry out owner Perilla frutescens 
(L.) Britten var crispa (Thunb.) Decne. of many opening space, and, in addition, may be harder 
than 80% or it. This characteristic of the mullite made from the hydrated aluminum fluoride route 
is unique. The arbitrary dense solid mullite powder which completely or completely does not 
almost have anisotropy although single **** is polycrystal nature and which is homaxial-like 
cannot manufacture the three-dimensional hard object which has 80% of opening space. The 
character opened to the altitude of the microstructure is led to a desirable low elastic modulus. 
Generally porosity decreases the elasticity of ceramic material. Although there is no fully 
understood relation between an elastic modulus and porosity, some models are developed and it 
exists in literature. One model, [0032] 

[Equation 2]E=EQe'^P or E=Eq exp (-bP) 

Eq is an elastic modulus of an object dense 100% among [type. 

P is porosity and b is described by] which is an experimental constant. 

This relation suggests that E decreases notably along with porosity. In a KATOKOMU base, low E 
value is desirable. Lower E means lower heat shock susceptibility. The substance which 
comprises the dense solid single crystal which it can be made to generate in more [ to the 
altitude of the individual particle ] opening space for anisotropy character than 80% or it, and 
these particles are linked, and gives stiffness to an object is a good candidate for a KATOKOMU 
use because of the exceptionally low elastic modulus. 

[0033] However, the intensity of a base is another important parameter. A stronger base has 
much more chance to survive employment of ** between use. The mullite whisker substance 
obtained from a reaction (1) is weak, this invention persons' base from which both applications 
under continuation are obtained by the reaction — one of some the routes — or it can 
strengthen with those combination. However, neither of these routes provides the advantage of a 
large number obtained by growing up a mullite crystal from the conglomerate of the linked topaz. 
[0034]According to this invention, a bar shape topaz crystal and the topaz crystal linked 
preferably are added into this mixture. The linked topaz is the following formulas preferably. : 
[0035] 
[Formula 3] 

2(AIF3.3H20)+2Si02=aluminum2Si04F2+SiF^ (g) +6H2O (g) 276g120 It is fabricated at the 

temperature of 600-800 ** via 1 84. or it is [ the topaz crystal fabricated by this reaction ] the 
thickset — or bar shape — and it has linked. Topaz makes the mullite whisker which reacted to 
silica and was linked via the following reactions generate in a higher temperature. 
[0036] 
[Formula 4] 

6aluminum2Si04F2+Si02=2(3aluminum203.2Si02)+3SiF4 (g) (2) 1104g60 The 852 reactions 2 
suggest that the loss of weight is about 27%. This number is notably lower than the number 
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obtained from the reaction 1. When a base is made via the reaction 2 in this way, the linked 
mullite whisker output is still denser much so that it may be shown by the comparison in drawing 
9_and the microphotograph in ten. So, the intensity of the mullite base obtained from topaz is 
higher than the intensity obtained from aluminum fluoride 3 hydrate and silica. 
[0037] Making density increase makes an elastic modulus increase, and, next, this makes heat 
shock susceptibility increase, as described in the top. In this way, balance exists between 
density and intensity. If the upper formula is rewritten for the relation of the factor containing 
the heat stress of the solid substance inside of the body, it is calculable that optimization of the 
output for heat shock susceptibility is attained by making a sigma/E ratio into the maximum. 
[0038]This reasonable dense mullite whisker output, It can obtain by a reaction (2) and means 
that it is henceforth named T-100 in this specification, and this comprises the linked whisker 
which was manufactured by using only the topaz and silica which this output linked. Since topaz 
was not added by the original reaction mixture, the output acquired by a reaction (1) is named T- 
0. If a suitable quantity of the topaz and silica which were directed by a reaction (2) are added by 
aluminum fluoride 3 hydrate directed by a reaction (1), and the mixture of silica and T-25 output 
bums as a result, 25% of linked mullite whisker is obtained by the reaction (reaction 2) of the 
topaz powder and silica which were added, and it means producing the remaining whiskers from 
the reaction (reaction 1) of aluminum fluoride and silica which were hydrated on the other hand. 
[0039]As for the theoretical porosity content (porosity contents) about a mullite whisker 
substance, it is dense 95%, some assumption, i.e., green honeycombs :a extruded, namely, it 
suspends 5% of porosity.; 

b) The extruded green honeycomb has 5% of organic binder by weight.; 

c) The extruded green honeycomb was calculated by the weight of the solid reactant using; 
which has 20% of water, and 5% of fluid plasticizer in all. A theoretical porosity content is a thing 
based on these assumption. Nature porosity and %T -0 77T-25 73T-50 67T-75 59T-'1O0 It is 46. 
[0040] Becoming still denser is clearly shown as the mullite whisker honeycomb of the value of 
these calculated porosity increases those topaz contents. This originates in that more fluorides' 
are lost in AlFg and 3H 2O in aluminum2Si04F2 as for a twist, and the fact that 3-mol water 

exists in a hydrous aluminum fluoride molecule again, and water does not exist in anhydrous 
topaz on the other hand. At the elevated temperature, the water in fluoride evaporates and will 
cause the remarkable substance loss from a reactant component mixture. Even an elevated 
temperature is lost more and fluoride will cause the additional loss from solid phase. In this way, 
the aluminum fluoride 3 hydrate content of a start mixture will take for decreasing (that is, T- 
number increases), and the loss of a thing will decrease more, and the last output will become 
denser. Within the limits of this invention, output is manufactured from the mixture as which a 
topaz (T) content is specified by formula T-X [the inside of a formula and X are larger than 
zero]. 25 thru/or T~T-100 article (about 50% thru/or 75% porosity) is preferred, and T-50 
thru/or especially T-100 (about 45% thru/or 70% porosity) are preferred. 
[0041]Only addition of the topaz to a reactant mixture is not only one method to which the 
density of a honeycomb is made to increase. However, since the object by which densification 
was carried out is in topaz in the form of the object which comprises substantially the whisker 
linked in addition thoroughly, it is specific. 

[0042] One technique that I will accept it in order to carry out densification Perilla frutescens (L) 
Britton var. crispa (Thunb.) Decne. of the linked mullite whisker base and to strengthen it in this 
way is making the weight increase after combustion. This art can be used in order to carry out 
densification of the mullite whisker output acquired from a topaz reactant according to this 
invention further. Different art can attain densification. One is osmosis (infiltration). In this case, 
slurry or a prototype is made to permeate the mullite whisker honeycomb which burned by 
immersion. Next, this assembly is dried and it calcines succeedingly. The arbitrary forms of the 
compound of aluminum or a silicon base containing aluminosilicate or clay may be sufficient as 
the presentation of this slurry, the alumina silica of the rate that it is stoichiometrical in order to 
make mullite generate — use of the mixture of sol is preferred. Next, this slurry is dried and it 
calcines on a suitable sintering temperature, time, and atmosphere conditions. This calcined base 
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is denser than the base of a non-coat, and, probably stronger. A colloidal solution can also be 
used instead of slurry. The coating technique of chemical gaseous phase deposition, chemical 
gaseous phase osmosis, sputter deposition, or arbitrary others may also be suitable for 
densification. A reactant ingredient is blended with a densification auxiliary agent or a bulking 
agent, and then this mixture is extruded, and another densification route dries and is calcining a 
honeycomb. The compound containing the clay of alumina, silica, zirconia or mullite powder, a 
mullite whisker or silicon of arbitrary others, aluminum, or a zirconium base may be sufficient as 
these additive agents, an explanatory example — as some reaction mixtures — an additive 
agent, for example, clay, alumina, mullite, or silica — manufacturing the mullite whisker output 
made with sol. And using a mullite precursor as an osmosis vehicle on a combustion honeycomb 
applicable to the whisker output which has a topaz precursor is shown. 
[0043]However, since a higher elastic modulus makes heat shock susceptibility increase, 
densification makes an elastic modulus increase, and this is not desirable. It must measure in 
order to manufacture the honeycomb which has both suitable intensity and heat shock tolerance 
for the balance between intensity and heat shock susceptibility in this way. 
[0044]One important physical requirement which will be accepted for a base is high temperature 
intensity and endurance. In stable conditions, a KATOKOMU base is operated during a long 
period by a high temperature, for example, 1250 **, and more than it It is exposed to a stable 
stress level again. About 10 atmospheres in height of the pressure of the flowing gas may be 
sufficient. A pressure acts as stress on the field of a base. In this way, the conditions of time- 
dependent modification of the substance under creep, i.e., the stress in the raised temperature, 
exist during KATOKOMU application. Selection of the substance should be turned to this point. 
Although this substance should have sufficient intensity in the raised temperature, it must be 
creep resistance again. 

[0045]Example 6 shows the thing in intensity for which 10% of fall was only observed slightly at 
1300 ** about T-0 article. When the sample of T-0 was examined at 1400 **, this fall was 
restricted to 25% of room temperature strength. This mullite whisker substance can bear the 
elevated temperature in a short period, and it is clear from this example this to be expected from 
the article of 0 thru/or T-T-100 range. The melting point of mullite is about 1800 **, and since 
all these articles can manufacture so that they may comprise mullite thoroughly, this is 
expected. Most commercial mullite output has had use at the temperature over 1300 ** limited. 
This is ordinarily seen along the particle boundary of mullite, and when it manufactures mullite 
ceramics, it is for the viscous deformation of the vitrified (glassy) phase which exists for the 
sintering art generally used. Viscosity of this vitrified particle border facies decreases at the 
temperature raised when operated under stable stress. The viscous relaxation (relaxation) which 
occurs microscopically makes the zone damaged in the high stress concentration range, and 
causes a particle boundary slide, opening growth, etc. Such time-dependent metabolies called 
viscous (viscous) creep carry out Perilla frutescens (L) Britton var. crispa (Thunb.) Decne, of 
the substance weakly, and even when it is operated on a low stress level, they actually lead it to 
breakage. Each separate whisker of the TEM microscopic inspection in which it succeeded to the 
mullite whisker is single crystal nature, and it was shown that the field where two whiskers are 
connected does not contain a vitrified phase ( drawing 4 and drawing 5 ). In this way, a mullite 
whisker substance is creep resistance much more substantially as compared with most 
conventional mullite output. 

[0046]Another form of long-term breakage is corrosion-related. It is made to increase in an 
elevated temperature that the atomic mobility of a seed or diffusibility causes corrosion or 
stress corrosion. If these phenomena do not exist as if, they may restrict use of the refractory 
which has a heat shock, good character, for example, high intensity, and creep tolerance. The 
segregations of the cationicity or the anionic kind which exists during wash coat (washcoat) 
degradation which originates in diffusion of the kind to a base from a base, or the base 
presentation which goes to a particle boundary are some in the cause of degradation of being 
possible. A mullite substance has an advantage here. Mullite is a mixed oxide substance which 
has a covalent bond very advanced for an oxide. The diffusibility of aluminum, Si, and O is low. 
The mullite whisker substance is pure and is manufactured without a cationic additive agent. In 
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this way, the diffusibility of 1 or 2 fellows cation is not main problems. A mullite whisker 
substance is equal to corrosion-related long-term breakage. 

[0047]a gas turbine is versatility in size and capacity. As for some systems, a path requires as 
large a base as 22." This size is dramatically difficult to carry out extrusion. One method of 
manufacturing a big base manufactures a smaller base, and is a thing (join) for which they are 
joined. It can extrude and Join and the smaller mullite whisker base can make a bigger piece 
generate. A mullite whisker substance can be joined comparatively easily. Example 4 can join a 
mullite whisker article, can make a bigger piece generate, and shows that this can be attained 
using topaz derivation output. Refer to Example 1 6. The mullite derived in this way is denser, and 
probably junction will be stronger and the junction on that occasion by which topaz derivation 
was carried out has it. [ preferred ] A whisker grows from both pieces which should be joined, 
and it joins mechanically mutually, and beautiful junction boundaries are made to generate. 
[0048]The heat stress of the radial direction induced on a sample increases as the temperature 
gradient between the surface of a base and a center becomes larger. A base is fractured when 
the stress induced reaches the intensity of a substance. 

[0049]a temperature gradient — it depends for heat stress on the size of a catalyst device in 
this way. The device (units) which has a clear more big path will experience a bigger temperature 
gradient and heat stress. The severity of a heat shock changes from one gas turbine 
manufacturing machine to another manufacturing machine. However, a KATOKOMU base must 
be designed irrespective of the type and size of an electric power generating machine survive 
the stop disgrace (trips) in an emergency. 

[0050]It is shown that the formula about the heat stress given in the top is an important physical 
parameter at the time of a variable, for example, E, v, and alpha determining the heat stress in 
given T induced. It has high intensity, a low elastic modulus, and a coefficient of thermal 
expansion, as a result, the size of heat stress should become it is low and smaller than the 
intensity of a substance, and the candidate substance should avoid breakage between 
emergency stops. 

[0051]There are important requirements for a design of a large number about the base which 
carries the catalyst in KATOKOMU to the design of the base for application like KATOKOMU in 
addition to the affecting microstructure factor. These are macrostructure factors, a base 
material must be manufactured in big size [ like 22" ] whose path is — ; — it must have a 
uniform section — ; — it — 70% or it — the area of the above open high front faces must be 
owned. 

[0052]As for the quantity-of-motion profile (mass x speed) of gas which crosses the field of a 
turbine and enters, it is indispensable that it must be uniform because of the suitable function of 
a system. In order to maintain fixed quantity of motion, a uniform speed profile is required. In 
many application containing a gas turbine, honeycomb structure is used for the smooth speed 
profile of a flow flow. In this way, the KATOKOMU base made by honeycomb structure has an 
advantage which exceeds other forms in maintaining improving the gas flow which enters, and its 
flow homogeneity. The homogeneity in the wall of the cell of a honeycomb is also dramatically 
important. Gas will flow at a higher speed through the bigger cell. Change of the speed from one 
cell to another cell should be avoided. A honeycomb can be manufactured by much art. An 
extrusion process makes the uniform cell size which crosses the field of a base generate, and is 
the desirable method of manufacture. Since it suits with extrusion, the method of arbitrary 
others which are used in order to make a KATOKOMU base makes uniform cell size generate, 
and if it is there is. [ no ] Homogeneity is indispensable also in order to maintain a fixed 

temperature which crosses the outlet surface of a catalyst again in order to maintain the uniform 
speed profile in cell size. The gas phase of it having to have a uniform temperature profile is 
indispensable because of an operating condition, when it reaches a turbine. The quality of 
combustion is influenced with cell size. In a bigger ceil, the boundary layer defined as a film on 
which the gas between a wash coat and a gas phase stagnated is thicker. The wall of a 
honeycomb is a heat source to a system. The heat transfer from a honeycomb wall to a gas 
phase becomes harder as boundary layer thickness increases. The same thing is applied also 
about mass transfer. In the cell opened more in this way, a reaction is slower. Reaction velocity 
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unequal as a result of the heterogeneity in cell size will arise, when heterogeneity exists in a 
honeycomb. A combustion reaction is generation-of-heat-like and generates heat. More heat 
occurs in a smaller cell, and the wall of a base and the temperature of a gas phase are made to 
increase, and this is not desirable because of turbine operation conditions, uniform sections 
other than the section of a honeycomb — extrusion — or it can obtain by the method of some 
others. One example is a section with the circular hole pattern which has each circle with the 
same radius. This pattern will make possible uniform gas velocity and temperature profile again. 
The very important advantage of the honeycomb profile which exceeds a certain other designs is 
bringing about the less back pressure to the gas flow containing a honeycomb profile. It is 
dramatically important in application of KATOKOMU to obtain the minimum back pressure. 
Higher back pressure will cause the higher compressive force which brings about the 
disadvantage of the fuel about a system as a result. The minimum failure of pressure makes the 
efficiency of a system increase. Energy is supplied to a turbine by expansion of a gas phase, and 
is characterized by PV paragraph. The increase in the failure of pressure brings about the 
reduction in the quantity of the energy supplied to a turbine as a result. 

[0053] Finally, in a honeycomb, the inner surface of each wall is available because of a catalysis. 
[0054]Ideally, cell size is infinitely small and wall thickness must be infinitely thin. However, 
actually, if a wall is made thinner, extrusion will become much more difficult and the intensity of 
a base will decrease again. So. the cell size and wall thickness in the honeycomb which should be 
used for application of KATOKOMU must be optimized in restrictions of engineering. 
[0055]The extruded profile which has a uniform section is a structure desirable as a base of 
KATOKOMU. It is because the pattern which has an indispensable uniform section in extrusion 
forming and maintaining uniform gas velocity and temperature profile is manufactured. Especially 
the form of a honeycomb is preferred. It is because this shape makes back pressure the 
minimum and it, on the other hand, provides the available high surface area for a catalysis. 
[0056]The mullite whisker honeycomb base for KATOKOMU can be used with various precious 
metal catalysts containing oxidation palladium which was described, for example into 
U.S.4,893,463. The mixture of the inorganic binder of refractories and the binary acid ghost of 
formula Pr^PdOy of a catalytically effective quantity is recommended. Refer to the 

U.S.07/684,631 which is incorporated by reference quotation into this specification and for which 

it applied on April 12. 1991 for the instruction. 

[0057] 

[Example]The following examples are given in order to illustrate this invention much more 
thoroughly. These examples are only for the purpose of explanation, and must not be interpreted 
as limitation of this invention. 

[0058] Example 1 — this example illustrates manufacture of T-0 honeycomb. 244 g of aluminum 
fluoride (and) [ Aldrich ]ALF3.2.8H gO was added to 123 g of -325 mesh amorphous silica 

(thermal American (ThermalAmerican), Monte Viret (Montville). NJ), and it ground and mixed in 
the ball mill for 24 hours. Next, this mixture was put in the pug mill and a 120~ml 7% Methocel 
(Methocel) solution was slowly added in this batch between mixing there. This mixing was 
continued until the plastic material in which extrusion is possible was obtained. Next, this amount 
(charge) of batches is supplied to an extrusion room, and is extruded through an easy 
honeycomb die, and it is about 1. The shaped object of 1/2 "path and 2" length was made to 
generate. The cell densities of these pieces were abbreviation 1 1 cell / square inch. 
[0059]A majority of such extruded pieces were put in oven at 75 **, and, as a result, the 
Methocel binder was gelled. Next, it heated the speed for 10 **/until it placed without covering a 
cover into the tube furnace at which nitrogen flows through these pieces, and it reached 350 **. 
It heated the speed for 10 **/until it soaked these pieces at this temperature for 1 hour and 
reached 1000 **. Next, furnace cooling of the sample was carried out and the room temperature 
was acquired over the process of several hours. The appearance of these samples (referred to 
as 1 (a) in this specification) was porosity, it was strong for dealing with it without breakage 
enough, and cohesiveness, and it was complex and the color was dark grey. 

[0060]One sample was reheated at 1000 ** the speed for 8 **/, and it was continuously heated 
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at 1 300 ** the speed for 5 **/. This honeycomb piece was held at this temperature for 6 hours. 
Finally, this piece was cooled from this temperature to the room temperature the speed for 25 
**/. Appearance was white, this honeycomb (referred to as 1 (b) in this specification) was 
porosity extremely, cohesiveness, and was complex, and it was strongly enough and very the 
amount of gravities dealing with it without breakage. The early stages of this honeycomb and a 
final mass were 26.13 and 8.42g, respectively. 

[0061]A heat shock was given to 600 ** all over the gas combustion furnace from 1000 ** at 25 
**/second in speed at one piece manufactured as could set in the Example 1 (b). The sight- 
check did not show the proof of cracking. It continued from 1 1 GO, 1 200. 1 300, and 1 400 at 
600 ** at 25.9 or 26.7 **/second in 23.8, 25, and speed, respectively, and a shock was given to 
the same piece. Cracking was not observed although this piece was inspected by the eye after 
each shock. Two three point bending beams were cut from this piece. The intensity of each 
beam was measured at the crosshead speed for 0.0075-inch/using the Instron device (model 
4202). the cell whose width is two — and the intensity of the porous honeycomb test piece 
which has a cell whose thickness is one was measured with 111 psi. The density of the 
appearance of this honeycomb wall was measured in cc and 0.48g /. 

[0062]The X diffraction (XRD) pattern of this honeycomb substance is shown in dra wing 1 . The 
proof of the vitrified phase was not observed. This substance is very crystalline mullite so that 
clearly from this pattern. The chemical analysis conducted using EDX analysis showed that these 
whiskers had a mullite presentation (40.0% of aluminum, 1 1.4% of Si, and 48.6% of O). 
[0063]The scanning electron microscope photograph (SEM) on the surface of crushing carries 
out the present alligator of the microstructure of this substance, as shown in drawing 2. This 
substance is the three-dimensional whisker structure opened fundamentally, and the linked size 
of a whisker is a larger range than 0.05-10 microns or it in a path. An individual whisker has the 
very smooth surface and seems very to be crystallinity ( drawing 3 ). They have a very beautiful 
boundary, are branched and linked, and the transmission electron microscope photograph of 
these whiskers showed almost completely or completely not showing a vitrified phase at the site 
of the link ( drawing 4 ). 

[0064]These honeycomb pieces have been machined. Four holes were made with the drill using 
the electric drill which has 3/32 drill bit. these holes — mutual — 1/4 — separated. There was 
no clear cracking in the surroundings of these holes. 

[0065]It was made the shaped object whose path which has the height which carries out the dry 
press of the disk of the green substance which comprises aluminum fluoride, the silica, Methocel, 
and water which were hydrated example 2 . and is changed in for 5-9 mm is 13 mm. The 
AIF3/Si02 ratio was maintained to 2/0.968. It burned in the nitrogen which flows through these 

disks at 1400 **. The compressive strength of the disk was evaluated at the crosshead speed 
for 0.0075Hnch/using the screw drive Instron device (model 4202). Mean intensity was obtained 
as 310**56 psi. The raised caloric test showed the compressive strength in 220 to **37 psi 
[ 306**49, 243**31, and ] 1200 **, 1300 **, and 1400 **, respectively. 

[0066]the aluminum fluoride hydrate and silica powder which have the top size of 45 microns of 
example 3 each were ground independently in dehydrated ethanol in the Eiger (Eiger) mill which 
uses a zirconia ball medium. The handling of aluminum fluoride in the inside of environment 
without the water in this point is important in order to maintain fluid powder. Next, it mixed by 
the mole ratio of 12:13 in ethanol in Eiger Mill who ground and did oven-drying Perilla frutescens 
(L) Britton var. crispa (Thunb.) Decne. of these powder to less than 1 0 microns, and stated in 
the top. The ball medium was not used. Next, oven drying of this stoichiometrical mixture was 
carried out. Methocel of the form of a solution was added into this mixture in hand control 0.2%. 
The disk was made to generate, and it dried in oven, and burned at 1400 ** in the nitrogen which 
flows into the next. The room temperature compressive strength of these disks was 667**41 psi. 
The preliminary grinding described on the reactant which brought about the initial powder finer 
than 45 microns as a result improved the intensity of the porous mullite disk in this way. 
[0067]Back pressure measurement on these disks was carried out by pouring nitrogen through 
them. Back pressure was measured using the differential-pressure power gauge placed in parallel 
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with a sample disk. The rate of flow of the gas which enters was supervised carefully. Back 
pressure increased as the rate of flow increased. As expected, the thicker sample showed higher 
back pressure. The permeability coefficient of the filter substance was calculated using the 
formula of darcy (Darcey). The value was measured with 3.86**1.12(x10 ''^^)m^. 
[0068]The disk was manufactured, as an example 4 aluminum^fluoride hydrate and silica powder 
were ground and it stated in Example 3. Two disks were placed on the mutual top and it burned 
in the air which flows at 1400 **. Drawing 5 shows the interface between two disks after 
combustion. A joining zone is about 20 microns. The background of a darker color is epoxy used 
in the sample manufacture for a microscope. The whisker grew from each disk and joined two 
disks. This junction looks uniform and a vitrified phase is not seen on a boundary. 
[0069]It burned in the nitrogen which manufactures them in Example 3 as described an example 
5_aluminum-fluoride hydrate, silica, and the Methoce! mixture, extrudes through the die of 1 1 
cell / square inch, and makes a honeycomb generate, and flows at 1 400 **. 
[0070]Next, the mullite precursor sol mixture was manufactured using 15 g of 26% silica, a 4% 
alumina sol mixture (NALCO ISJ-612), and 93.3 g of 10% alumina sol (NALCO-ISJ-614). This sol 
mixture was agitated for four days using the magnetic stirrer. Next, two-times immersion of this 
honeycomb piece was carried out into the sol mixture, and it dried at 1 20 **, and two-times 
immersion was carried out again, and it continued, and dried at 120 **. Next, it burned at 1400 
** and weighing of the honeycomb was carried out when cooling. 10% of weight increment was 
recorded. The repeated example showed that the weight increment to 20% or more than it was 
shown, and the densification of the honeycomb which burned has attained it easily. 
[0071]Two sample formed bodies of an example 6 mullite whisker substance were manufactured. 
These were an easy honeycomb (being 1.5 inch diameters [ 11 cells / square ] inch) and a disk 
(diameter of 13 mm). It was made to change in order to observe the influence of porosity of as 
opposed to an important parameter, for example, intensity, and back pressure for the density of 
appearance. These samples added graphite in the mixture, burned this graphite away in a 600- 
800 ** temperature requirement, and were manufactured by making the porosity which increased 
as a result generate. 

[0072]i)LThe disk (diameter of 13 mm) of intensity some was manufactured with a dry press. The 
sample was heat-treated in 12-hour nitrogen at 1300 **. The average compressive strength of 
the disk which burned was 310 psi. Specific strength (intensity/density) was 16610 inches. The 
sample which has big porosity had lower intensity so that it might illustrate in drawing 6 . rather 
than manufactured using graphite. 

[0073] 2) The intensity as a function of endurance t est temperature is shown in drawin g 7. Room 
temperature strength was maintained at 1200 **. 10% of fall was observed at 1300 **. Intensity 
was 220 psi which is smaller than what was obtained at the room temperature only as for 25% at 
1400 **. It was still more nearly completely usable with this temperature in this substance. 
D^am the relative stiffness (stiffness) of the disk as a function of test temperature. 

These values were obtained by measuring the inclination of the resilient part of the curve of load 
versus time. 

[0074] 3) A heat shock was given to one honevcomb piece which burned in 1300 of heat 
shock tolerance all over the gas combustion furnace from 1000 ** at about 25 **/second in 
speed at 600 **. The sight-check did not show the proof of cracking. It continued from 1 100, 
1200, 1300, and 1400 ** at the same speed at 600 **, and a shock was given to the same piece. 
Cracking was not observed although this piece was inspected by the eye after each shock, giving 
a shock to the second honeycomb from five cycle 1 300** at 25 **/second in speed — a place - 
- the last ~ having damaged . Having had in it the cristobalite expected as this piece of XRD 
analysis being harmful because of a parent phase transformation was shown. The still severer 
heat shock experiment was conducted about other honeycomb samples. One sample survived 
100 and water quenching from 1300 ** at about 280 **/second in speed, minute ~ it can cleave 
(spalling) — it was observed in accordance with the circumference of a cylinder. 
[0075]The kaolin clay (kaolin to which calcining of the fine particle diameter currently sold by 
satin ton (Satintone)#5 and Engelhard was carried out) in which calcining of the example 7 
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marketing was carried out, It mixed with tlie AIF3 hydrate (5.52 g AIF3, 1.80-g Si02, 2.22 g of 

clay, and 0.48-g Methocel) by which disintegration was carried out, and pressed in the pellet, and 
burned at 1300 ** in nitrogen. The result of XRD showed that final products were mainly mullite, 
alpha-alumina, and a little cristobalites. Since existence of cristobalite may spoil heat shock 
tolerance, The superfluous silica in the output which burned by adding alumina powder or an 
aluminum fluoride hydrate into an initial powder mixture may be compensated, and it may be 
advantageous to obtain a mullite constituent 100% by it 

[0076]The hydrokaolin (Engelhard ASP-172) of the fine particle diameter of marketing of 813 g 
of examples was added in 465 ml of water in a beaker. Next, this beaker was heated at 90 **, 
contents were moved to the blender following it. and this mixture was agitated in it at a low 
speed. The dry Methocel powder and 65 g were added, and the Methocel solution was 
manufactured 1 4%, and this mixture was cooled and frozen. 

[0077] Respectively an aluminum fluoride hydrate and silica powder (297.5 and 143.9g) were 
mixed in the ball mill jar, the pug mill of the fluoride/the silica mixture which blended overnight 
and got dry was carried out, and the Methocel solution described on 145.2 g was added between 
mill grinding. After PAGGU grinding for 30 minutes, this mixture was extruded to the honeycomb 
form of about 50 cells per square inch using the piston extrusion machine. This mixture was 
extruded softly and much still more easily rather than what was extruded without the clay 
addition to the Methocel mixture. Clay addition decreased the quantity of the water needed in 
order to carry out extrusion of the coherent complex piece. 

C0078] Example 9 — this example describes the method for manufacturing the mullite whisker 
honeycomb (T-1 00) which uses topaz as only one inner aluminum source. 
[0079]About aluminum fluoride 3 hydrate with a quantity of 348.5 g, it is 151.5 g of thermal. It 
mixed with the dissolved formless formless silica dioxide (-325 meshes) anhydrous [ from 
American (Thermal American) one, Monte Bill, and N.J, ] in the pug mill. Into this mixture, 21.6 g 
of dry Methocel methyl cellulose was added. PAGGU grinding during 1 5 minutes of this 
mixture was carried out. 130 ml of deionized water was added into this mixture in all. PAGGU 
grinding was continued for 30 more minutes. Next, this paste was extruded through the multi 
stage die which has a 1/16" opening using a piston extrusion machine, and was made into the 
form of spaghetti. Next, it burned in the air which flows through a non-coated extrusion thing at 
750 ** for 1 2 hours. The weight loss for combustion was 52%. XRD analysis showed that only 
one crystalline phase in the output which burned was topaz. The topaz manufactured on 441 g in 
all as was described was mixed with a 24-g silica dioxide (the same thing as having been used in 
the top) in the ball mill with the liquid medium which is ethyl alcohol. After carrying out ball 
milling for 24 hours, this mixture was filtered and it dried. This dry mixture was mixed with 20 to 
Methocel 213 23-g binder, and it mixed in the pug mill. 140 ml of water was added in all, and the 
paste in which extrusion is possible was manufactured. Next,; wall thickness which extruded this 
mixture in the form of the honeycomb through the die of 1.5" of 50cpsi using the piston 
extrusion machine was about 0.9 mm. Next, it burned in the air which flows using the heating 
schedule which raises by a part for 10 **/to 350 **, holds these honeycomb pieces at;350 ** 
for 7 hours, raises them by a part for;10 **/to 1000 **, raises them by a part for;8 **/to 1300 
**, raises them by a part for;5 **/to 1400 **, and holds them for 90 minutes. Next, this furnace 
was cooled at 1400 ** by a part for 25 **/, and mullite was manufactured The last extrusion 
thing was stronger than what was obtained by carrying out extrusion of aluminum fluoride and 
the silica. 

[0080] Drawing 9 and drawing 1 0 show the microstructure of what was obtained by burning this 
honeycomb and aluminum fluoride 3 hydrate, and silica independent by which topaz manufacture 
was carried out, respectively, the topaz of this example — the linked dense whisker network is 
clearer from comparison of these figures than existing in the substance manufactured by the 
route. 

[0081 ]35% of weight loss was observed in; which these pieces carried out owner Perilla 
frutescens (L) Britton var. crispa (Thunb.) Decne. of the big crack, and so did not measure 
porosity, however a similar experiment (refer to example 1 1). The surface area (BET) of output is 
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1mVg, and is The aspect ratio of the whisker was larger than 100:1. The whisker is 

dense 100%. Refer to the SEM microphotograph of a whisker 

[0082]The similar examination was carried out nitrogen and by carrying out air combustion at 
1300-1500 ** as peak temperature. The result did not show the difference in output. For the 
purpose of much more comparison, drawing 1 1 shows the microstructure of the mullite article 
manufactured by burning corpuscle kaolin to mullite very much, and exuding the silica of 
isolation. The particles on the surface of a corpuscle are cigar forms which have a diameter of 
micro [ about 0.1 ] and have an aspect ratio of 3:1 very much. 

[0083] Example 10 — it is shown that this example can be manufactured by carrying out 
extrusion of the mullite whisker honeycomb by which topaz derivation was carried out as an 
extrusion auxiliary agent using a glycol plasticizer 

[0084]topaz — the /silica mixture was described in Example 9, and was made and manufactured. 
The polyethylene glycol was added into the mixture dry in less than 1% of the weight of quantity. 
5% of dry Methocel binder was added in all. 1 10 ml of water was added in all, and the paste in 
which extrusion is possible was manufactured. Next, as this mixture was described in Example 9, 
it extruded, and it burned. The appearance and the character of the honeycomb were the same 
as having stated in Example 9. The weight loss for combustion was 35%. 
[0085] Example 1 1 — this example adds topaz into aluminum fluoride 3 hydrate and a silicon 
mixture, extrudes it in the form of a honeycomb, and shows that the mullite whisker honeycomb 
burned and linked can be manufactured. In this example, 30% of mullite whisker was generated 
from the reaction of topaz and silica, and, on the other hand, the remainder was generated on 
that spot from the reaction of aluminum fluoride 3 hydrate and silica. 

[0086]The mixture dry by blending the topaz manufactured as was described in aluminum fluoride 
3 hydrate, a 120 g silica dioxide, and 71-g Example 9 249-g was manufactured. The 26-g 
Methocel binder was added into this dry mixture. 107 ml of water was added in ail, and it kneaded 
for 40 minutes. Next, this mixture was extruded in the form of the honeycomb through the die of 
50cpsi via the piston extrusion machine. Next, these extrusion things were burned at 1400 ** in 
the air. 55% of weight loss was observed when burning. All the generated extrusion things 
comprised the linked mullite whisker, and it produced by the reaction of topaz and silica the 30%. 
The remainder of these whiskers was generated by the reaction of aluminum fluoride and silica. 
This honeycomb was still denser than the honeycomb described in Example 1 which is T-0 (what 
did not add topaz into the mixture in which the first stage got dry), and still stronger. Since 30% 
of whisker arose from the bar shape topaz added by the initial mixture, the output of Example 1 1 
is named T-'30. Examples 9 and 10 have described manufacture of T-100 output (namely, thing 
which did not use AIF^.SH 2O into the initial mixture). It was used in order that only topaz and 

silica might manufacture a honeycomb. 

[0087]When using the higher topaz content in a reaction mixture, intensity and density were 
higher, but it was found out that porosity is lower. 

[0088]The powder mixture in which example 12 4 ingredient got dry was blended in the pug mill. 
This mixture comprised the topaz manufactured as stated in aluminum fluoride 3 hydrate, 120 g 
effused silica, and 71 -g Example 9 249-g, and the 22-g dry Methocel powder. The polyethylene 
glycol (Dow chemical polyglycol (Polyglycol) E-400) was added into this mixture in 0.5% of the 
weight of the quantity of the dry substance. Water with a capacity of 91 ml was added into this 
mixture, and it kneaded for 45 minutes. The second batch made size of the paste two times, and 
manufactured it according to the same procedure. Both batches were supplied to the twin screw 
extruder, and the honeycomb piece of 64cpsi and 2"x2" was extruded. Some of extrusion things 
were air-dried and, on the other hand, it dried with moderate heat in the microwave oven of the 
kitchen type of common use of the remainder. As for the piece which carried out microwave 
oven desiccation, there are few cracks and the outer surface top seemed to be smoother. Some 
pieces were heated in the microwave oven under existence of the steam generated with the 
water which exists in the H. beaker put inside the cave of a microwave oven. These pieces had 
smallest number on the outside of cracks (flaws). Next, the same presentation as having burned 
at 1400 ** and having described these pieces in Example 11 was acquired. 
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[0089] Example 13 — this example describes manufacture of T~50 honeycomb which uses the 
twin screw extruder with which both mixing and extrusion are carried out using the same portion 
of a device. There was somewhat more aluminum fluoride than a stoichiometrical quantity 
needed in order to compensate a volatile fluoride loss at the raised temperature before the start 
of the reaction of aluminum fluoride and silica and to manufacture T-50 output. 
[0090]AIuminum fluoride 3 hydrate of 24.4lbs was blended with the topaz manufactured in 
Example 9 of 15.7lbs in the sigma mixer as could set in all. Dry supply of this mixture was carried 
out via the weight loss (loss-in-weight) type feeder at the twin screw extruder which corotates 
at the rate of 73.8 Ibs/hr. The silica (it is the same as that of Example 1) of the ratio of 100:15 
and the dry mixture of Methocel were simultaneously supplied at the rate of 26.2 Ibs/hr. Water / 
glycol mixture (2.7% of glycol) was also independently supplied to this extrusion machine. It mixed 
and these powder and fluids were carried through the honeycomb die of 2 "x2" 64cpsi through 
the barrel by which the extrusion machine was cooled. Next, as these extrusion things are sliced 
to various length and described in Example 9, it dried in one of air or a microwave oven under 
existence of a steam. By not showing cracking on an outer surface, these extrusion things 
burned in order for the 50% to make the linked mullite whisker which was generated by the 
reaction of topaz and silica generate. 

[0091] Example 14 — this example shows that it can transpose to formless fused silica powder, 
and a colloidal silica can be used, in order to manufacture the shaped object which makes a 
stronger output generate. The remainder mixed the topaz manufactured as stated in 9.6-g 
Example 9 of quantity, and the 0.4-g dry Methocel powder with the 1.92-g hydrous colloidal silica 
(NALCO-1050) which is water including 50% of the weight of silica. Water was added gradually 
and, as a result, this paste had 21% of water. Next, this mixture was pressed in the disk of the 
path of 1.25" by the pressure of 5000 psi at 80 Next, these disks were burned, and it cut in 
order [ which has an about 6.8x3.3-mm section ] to bend and to make Bar. When these Bar was 
examined on intensity by the three-point bending test, those intensity changed among 7000- 
9000 psi. As for the intensity of this substance made using the colloidal silica, only 2000-3000 
psi was higher than it which was made by formless powder silica. 

[0092]rt blended by the same ratio as having all come out and having used [ which manufactured 
in example 15 Example 9 as could set ] aluminum fluoride 3 450-g hydrate, silica / Methocel 
mixture, and the topaz of -100 meshes in Example 13 in the sigma braid pug mill. Into this 
mixture, water / glycol mixture was added as a glycol solution 2.7%, and PAGGU grinding of this 
mixture was carried out until the paste suitable for extrusion was obtained. Next, this paste was 
pressed through the die of 50cpsi using the rum press, in order to obtain the profile of the 
honeycomb type of the diameter of 1.5." Next, these pieces were dried and it burned in the air at 
the temperature of 1 400 ** for the perfect conversion to the mullite of a reactant. Next, the 
coat was carried out with the precious metals of standard marketing including the automatic 
catalyst [ piece / one ] wash coat based on alumina. Next, this piece was dried and calcined and 
adhesion to the base of a catalyst wash coat was observed. This wash coat was uniformly 
pasted up on the base after calcining. Next, this piece was examined on the catalytic activity for 
SO3, CO2 from CO, and NO2 from NO using the reactor of diagnosis from CyH^g oxidation and 

SOo. The result of this conversion is displayed on below. : 



SOj^^SSOa 2 3% 

CO;^>6C02 6 2% 

NOiO^eNOa 3% 



The mullite whisker honeycomb can carry out the coat of these results with the wash coat of a 
commercial precious-metals base, and it is shown that it is activity when the catalyst deposited 
on the base oxidizes hydrocarbon, GO, NO, and SO2. The catalyst deposited on the mullite 

whisker substance is also activity, and oxidizes hydrocarbon, CO, NO, and SO^. 
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[0093] Example 16 — topaz is used for this example in order to make strong dense junction 
generate, and it describes the method for joining two pieces of the honeycomb which burned in 
order to make a bigger piece generate. 

[0094]55.2 g of topaz manufactured by the form of spaghetti in the whisker furnace as stated in 
Example 9 was mixed with 3.0 g of fused silica (thermostat (Thermo) American, -325 mesh) in 
the ball mill of the 200-cc capacity filled up with alumina balls to the half. Water was added, and 
these balls were covered, and this mixture was ground for 48 hours, and it was made very fine 
powder suspension. Next, it put in the jar which collected and closed this slurry. This jar was not 
disturbed for seven days. What the contents in a jar gelled was observed. 

[0095]Two mullite honeycomb pieces which have lOOcpsi and T-50 presentation were sliced in 
parallel with the direction of a honeycomb wall, next, this topaz — /silica gel was opened on the 
field of both honeycomb walls, and two pieces were pressed under 1 kg of load overnight. Next, 
the dry joined piece was burned in the whisker furnace in the air at 1400 ** for 12 hours. This 
output seemed to have the solid junction by combustion. 

[0096]Various change and ornaments are able to succeed in 1 or two or more methods of this 
invention, without deviating from the range and pneuma of this invention. Various embodiments 
indicated in this specification are for the purpose for explaining this invention further. 
It does not mean limiting this invention. 

[0097]The main features and modes of this invention are as follows, 
[0098] 1) a — manufacturing-mixture of temporary binder, aluminum fluoride [ which was 
hydrated ], and silica dioxide (rate of aluminum fluoride and silica dioxide is almost 
stoichiometrical here in order to make topaz generate); 

b) Make the plastic matter which adhered generate this mixture from a step (a).; 

c) Burn until this plastic matter converts this plastic matter from a step (b) into the bar shape 
topaz crystal linked thoroughly substantially, removing volatile matter; 

d) Collect the linked this bar shape topaz crystals, and them together with a temporary binder, A 
silica dioxide, a silica dioxide, the hydrated aluminum fluoride, and a silica dioxide, It mixes with 
the substance chosen from the group which comprises aluminum fluoride and alumina which were 
hydrated (this substance is substantially mixed with this topaz at a stoichiometrical rate here, in 
order to manufacture mullite).; 

e) At the temperature raised while removing the volatile matter containing making [ generate the 
mixture from a step (d) ]-honeycomb;, and f silicon tetrafluoride this honeycomb, A method for 
making the article containing the linked mullite whisker which has a step of burning [ so that this 
volatile matter may be generated until perfect conversion occurs substantially ]; to the mullite 
whisker of this honeycomb of a honeycomb form generate. 

[0099]2) A method given in the above 1 which mixes topaz with a silica dioxide by about 18:1 
weight ratio in a step (c), and makes all the mullites in a step (f) generate by the reaction of a 
silica dioxide and topaz. 

[0100]3) A part of mullite generated in a step (f) in topaz in a step (c) is derived from the 

reaction of topaz and a silica dioxide, And a method given in the above 1 made to generate in a 

mixture with a silica dioxide and an aluminum fluoride hydrate at a rate that other portions are 

derived from the reaction of an aluminum fluoride hydrate and a silica dioxide. 

[0101]4) aluminum fluoride 3 hydrate: — silica dioxide: — the ratio of topaz — respectively — 

formula: [0102] 

[Equation 3] 

1 656(1 -X / 100): The inside of 60+720(1 -x / 100):1104x / 100[type, zero ~ < — x — <= ~ 100 

— it is — and — x — a silica dioxide — reactivity — an ingredient — ****** — adding — 
having — topaz — a reaction — from — deriving — having — mullite — weight — % — it is — } 

— determining — having — the above — one — a statement — a method . 

[0103]5) A method given in the above 4 to which about 5 to 100% of mullite whisker is derived 
from topaz. 

[0104]6) A method given in the above 1 in which the binder in a step (a) contains methyl 
cellulose and water. 
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[0105]7) A method given in the above 1 in which the binder in a step (d) contains methyl 
cellulose and water, 

[0106]8) This binder, topaz and a silica dioxide or topaz, a silica dioxide, and an aluminum fluoride 
hydrate, Or a method given in the above 1 which topaz, a silica dioxide, an aluminum fluoride 
hydrate, and alumina are extruded [ above ] through a die, and makes the honeycomb to which 
preforming of the form near a network was carried out in advance of the reaction to mullite 
generate. 

9) A method given in the above 1 to which the coat of this mullite honeycomb is carried out by 
the precious metal catalyst. 

[0107]10) A method given in the above 1 made essential without fluoride ion by processing by 
the steam with which this mullite honeycomb was overheated. 

[0108]1 1) A method given in the above 1 to which densification of this honeycomb is carried out 
by addition of at least one inorganic ceramic material, 

[0109]12) A method given in the above 1 which burns at the temperature which densification of 
this honeycomb is carried out by the immersion in a mullite precursor sol mixture, and is dried 
and exceeds 890 **. 

13) a — manufacturing-mixture of temporary binder, aluminum fluoride [ which was hydrated ], 
and silica dioxide (rate of aluminum fluoride [ which was hydrated here ] and silica dioxide is 
almost stoichiometrical in order to make topaz generate); 

b) Make the plastic matter which adhered generate this mixture from a step (a).; 

c) Burn until this plastic matter converts this plastic matter from a step (b) into the bar shape 
topaz crystal linked thoroughly substantially.; 

d) These bar shape topaz crystals are collected with the substance which can carry out mullite 
generation by a reaction with topaz (here this substance). It is chosen out of the group which 
comprises the dioxide and silica dioxide together with a temporary binder, the hydrated aluminum 
fluoride and a silica dioxide, the hydrated aluminum fluoride, and alumina.; 

e) At the temperature raised while removing making [ generate the mixture from a step (d) ]- 
honeycomb;, and f volatile matter this honeycomb, So that they may be generated until the 
substantially perfect conversion to the mullite whisker of this honeycomb occurs, Have a step of 
burning; and here a step (a) and the combustion in (f), The gas generated by the outside of the 
furnace from the inside of the furnace is carried out during this reaction in the furnace 
continuously provided with the peristalsis nature pump system of the suck exterior, And a way 
for making the article containing the linked mullite whisker of a honeycomb form generate the 
gas inhaled from the furnace is charged by the scrubber device. 

[01 10] 14) The honeycomb borne at the heat shock and creep of a mullite whisker in which it 
changes from the network which carried out three-dimensional link intrinsically, and this 
honeycomb has less than 75% of porosity. 

[01 1 1]15) A honeycomb given in the above 14 in which these porosity is about 45% - 70%, 
[0112]16) It is a honeycomb containing the mullite whisker manufactured from the reaction of 
the physical mixture which comprises intrinsically the linked bar shape topaz crystal with the 
silica dioxide of about 18:1 weight ratio, The honeycomb which this mixture is held together with 
a binder, and is extruded and formed in advance of combustion at a temperature higher than 
about 1 400 **. 

[01 13] 17) It is a honeycomb containing the linked mullite whisker which was manufactured by the 
reaction of the linked bar shape topaz crystal and the mixture of a silica dioxide and an aluminum 
fluoride hydrate, The honeycomb which this topaz, a silica dioxide, and aluminum fluoride are held 
together with a binder, and is extruded and formed in advance of combustion at a temperature 
higher than about 1 400 **. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

IThis docunnent has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

This invention may be further understood by referring to the following drawings. 
[Drawin g 1]It is an X diffraction pattern of T-0 test piece. 

[Drawing 2] It is a scanning electron microscope photograph of the surface of T-0 test piece. 
[Drawing 3] It is a microphotograph of T-0 substance. 

[Drawing 4] It is a microphotograph describing the junction formed between two pieces of a 
mullite whisker substance. 

[Drawing 5]It is a microphotograph of T-0 substance. 

[Drawing 6] It is the plot of the carbon content of compressive strength versus the reactant of a 
mullite whisker article. 

[ Draw ing 7] It is the plot of compressive strength versus the temperature about a mullite whisker 
article. 

[Drawing 8] It is the plot of relative stiffness versus the temperature about a mullite whisker 
article. 

[Drawing 9]t opaz (T-100) — it is a microphotograph of the structure of the honeycomb 
manufactured from the route. 

[Drawin g 10] It is a microphotograph of the structure of the honeycomb by which direct 
production was carried out from aluminum fluoride and silica. 

[Drawing 1 li ft is a SEM microphotograph in 20,000 magnifications which show the microstructure 
of the minimum ball of the kaolin clay from which the silica of the isolation which burned, carried 
out Perilla frutescens (L) Britton var. crispa (Thunb.) Decne. to mullite, then exuded by KASEI 
(caustic), and was generated between reactions was removed. 

[Drawing 12] It is a SEM microphotograph of the honeycomb wall of the mullite whisker substance 
which has T-50 presentation. 
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(57) [^m 
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(2) 

1 

[ 1 ] a ) -1' > i^. 7KI0 5 n^c 7 

b ) XT- f 7' ( a ) *^?.<D^?g^!KJ5: < -?0(,^fc*f±(C 

c) »lfei^*l^*l.i^j:5!»ii6X'5^-:»-7* (b) i}>b(Dim± 

d) mm's.m^otc^^-'Uih^-<:xm^BimiRL. ^hx 

^rM.W.T-in. im^ti^c-y •:/<bT;l/5^'j;AROT 

e) T.T' -jV (,<3.) *:>6©il^!^^^^^^AK^^3-S 

f ) 237 •Hb^r-1'lS=&^tf»IS=^^l^*t'^j::^i5eBJ*6 20 

^ - ^©||K0<3fc%:^;^d:K{b*^SB t ^ S 

staa^iMb/cA^-i' ^^^^'x^-^$WLt:^s^»'^:^ 
t (ccr7Kfn$n/c7 -Atr )\' ^ ^^^^ ^^RUzMifr 

b ) :^^yy' (a) tf^hOWiU^^^ < oOii/£:*f±ic 

Ufc^N'-1:^h>'N'Xffe^K^«e«)(c^^K:*g^b-r€>*-c«l 

M-r^-Ci ; 

d) it^^'-tt^^^•XIS^^ ^^^•X<b©Jg)£;iCj:o■CA5 

atWCHK^b^J^-r*. TKfOSn/c^ ■:;'(br;L'5^'5AS 40 

e) X7"-y7* (d) *>60^i^fJ*^^^*A(C*J^S^3■^^ 

f ) ^|6i^;&|^^L^i*^6ia^^>?.nfcfisng^^:^:^A 

^. ig^^:::-*A©A7'f hs^-f X* ^©^©WtC^^ 

)tjK{b*5iat§^-c-en6;^5^;jS$tiSJ;^{c. J^MT 
i : ©XT- y-^'^Wb-oSO . cc-cxf-7X 

(a) (f ) fc*}W?,j^js«. igjSjS©ra, *p©rt 

6«P©?MMtCifiS 3 n/c:^/X ^iligiegic® ^ ^1-8IJ© 
SStitt'J<>:?'~>xf A^m/c^f-c^sn. so 



#^¥6 - 1 0 0 3 8 1 

2 

-S, t^^ililSLfcA7'r^•^^^'X;^7-?:^^UrJ^XS>'^ 
:^;^7 Aff$©!^p°p?:*^§ -ti -5)/cSt.©73?So 
[ii^^3] A^-C h;J^-YX*-©=;^7cfflSiI^L/ 

^/^^^A„ 

[t»*«4 ] 1 8 : 1 ommtwrmit'r^mto) 

tiaaSU/c^^-^:^ h /-:X|g^7!i^6*We<]JC(jS.5WiW 
S^!^©)SE&5!)^6M®3nfcA^-1' hAh-l'X;??-?:^^ 

icmn^ti'tLrm 1 4 0 0 "Ccfc <oMi>u&v<Dm^i,c 
$t a: o r » tii 3 n r jf J )jK § n ^ ^ > * A „ 

it^^m^^y •:;^bTJl'5-=->t?A*fO^©Jl^!^i©JS 

C6JCj;orM®$n/cffl5illSUfcA7-Y ht^-(X:fj- 

^^Wur)?s-s>^N-=-5^Ar*oT:> Kh>'-;x\ zi^-lb-^- 
L-Ci^ 1 4 0 0 -c J: 0 KC^SS-CO^t^Jc^tSl-? T 

jfPtii 3 nxff^jiKS n ^ ^N-;^ A. 
[fgB^©iWJ:IJiBJ] 
[000 1] 

[^H^ows] ^mmit. H^^^^tiSiiisufcA-j-i' h 

(CMt> 'eL-Ct«ffl©i£^ML'-t?m§n^A7-/ 

x:*7--!^fi,*iis«s<bso'?§?^b-r^/c*©A7 -f h 

't'x:^7-©^©ia-c©^/iS;{cfcw6sie!|^i u•c©^>'^• 

Xf.S^a©ffifflK^iC[^i]lt5nTt^-5o ^#tc. 3|s:fgB^«. 
B(D&?>H± (shaped green bodie 
s) , ^Kfl?m$t^/c-'^-*AW:*sW-5ffiS»^Ufc h 

-Y^SO'^ffl^n/c^ -;;'fbTJl'5-'5A©-e©i«-C©S 

[0002] i^)g©^i^ 3 7 i'RO'i' U - ^Wtt^Tjs-r 
ffJ©S,€>-te7 5 y^tJpTi^^ ^S5t©ffi*W5cSSrj:)J; 

{b©/cto©liisaft. m^;^/;^^--K>(c-?-ur^Sv 
h3A (C a t c om) ) ©fc&©MiSS<*i L''C©lK 

cis/-ct3:^t)-a-§ci5i3fflitf mm 

[0003] A^-/ ^|!^©-fe7 5 7 i'ffi^CCfcl,* 



(3) 



#M¥6- 1 00 38 1 



A^-f hW "i''7>7' (c 1 ump s ) " i LXWUb 
tSffl® A ^ h !|aW(C*iW S 7' 'J XAfCfKfc^Salict *) 4> 

ilS«{c«i^TX'<^' hib^Wr^. A^WMi^/c. IS 

cc, f^roffJOA^^' hW. TJUs :^©gE^©ffi^iab 

WSatCf^^aS©§Sa3!)3f#^tl^„ ^^^■X (A 1 
,SiO,F,)«. A^-f h5^>fX:*7-J;0«>^«lCffi 

t,^Tx-ii' ^-l:b^wr•5.■r^<■■ 'o Lfc->'<-m^^mtLx 20 

[0 0 0 4] C©iJWj«- -fe^ 5 y d7;$:?t'fb-r'S/cJ*CC 
A-7-< ^^^^'X;^-^^t^a^©'t^'CX;^-€:ftffl•rl) 

$ft^***iJKl^-e-Lr?gfie«){C7 V i'X^^. ( f 1 30 

ux i ne)^m^mA-ri>. u-c, m^jcom-t^ 

12A1F3. xH,0+ 1 3SiO, = 2(3Al,a 
-8 0 0 °C©S)St:1*. h ^~<XrpfSW ( A 1 j S i O, F 

,) *5^fK§n^u-c8 9 o°cj;^)±-c«c©s)SWie 40 

mi L/TA^-r h't;'fX;<7-©*RS?rfe/c*=.-r, C©h 

[0 0 0 8 ] srK ( 1) jcj;-,-rf#6n^A7^' h^-t" 

©fci*©aS^j:^ffiS^''j:^*W^Effl©^< «. ''^fcMS 
[0009] 50 



[0 0 0 5 ] ^^'('X;^-©ff5©A^-^' h©S^®©fc*© 

mmic. cn6w:^fx«iij^!ej©)5Stm*#'5«t»saE 

t?©BIf$ - mWlx!;t-^^t^o ■:/-fbT;l'5^'i' 

^{b^-fiRi ^>'^•xct3^H^^*^©iSI&*^?)©A7-^ i-:^'f 

y^i3~<D^fSit, ir^'ZiDlZ'- (Talmy) 6© 
U. S. 4, 910, 172. 4. 911, 902 SO' 

4. 9 8 4. 7 6 64JraE'^e>n-ci,^-2>o cn6©si& 
A 7 -f h 3 n ^ Bfrtc h x©te^i4ta 

*aji-r'2>„ cne)©^#t*©l5!^r;4CJ:tT«, Hf*Sl6!^ 

liM^K-c tj: w n Si 6 "T ^ u x M^m y yifr^mnm 

WfiK'y-i h>tN'('X*"^^JiS;$-ti-5./cfeCC#aEU^j:l^ 
flUtj:hn:\,K U. S. 4, 9 8 4. 7 6 6icfctir 

n-S, iSSaiC^?Ltt©7*-'l'bK:*K{bL'. tf±«^>'^•x 
cfiraf*®^!lBSll L/-C h >'^•Xtt^ra^*SPi?:a -C jltf, ^73 

[0 00 6] 2|E%Hj#e.©««:«t«ii/-ct,^^wip. u s 

SN 07/386, 1861*. ^mmi § tifcwMW 
*^P,©^-. hCcai^ff$©^?LttA7-Y hH27 5 ^U&x 
?:8{jg-r -2>fci^)©-€-©*t:©{b^W>'W" b C^^I^l^ ^^^'C 

i^-So |S^,>a©/^,=-:<7A©J:^^cl«Sic1t*t 

-B#W)'<i:^-«-^'>^'*i-i^4c, *tjl 2 : 1 3©-* 
;l'i:blC*Jl^S*ffl*i< i|!&*iC3tl*«lSnfc7 y^bTJW 5 
::.^2^-Bi.UrmitT-<mo:>U'^m^^ti< ^oi^fc (c 
o h e r e n t ) j^±^j)n^-r^C<h^'i:>MWK#Oo 
cn6©]SJCSt>«. fe(T©^: 
[0 00 7 ] 
[fbi ] 

. 2Sia)+ 9SiF, + xHjO (1) 

[^w©s*^] Wffl^cA^-f ^:^-^'^x:^;-^^^°a». -e© 

i«-c © a-fe X cc <fc r < -o -o t, ^ /cii^±©ff5 ^©^Kf n $ 
n^c7 ■:7-fbT;i/5::^>5A;st>"Kib^-i'*©ib^Mlfea 

( ^ fc« ^> ^ — ^© V - X ©tasiiis u h ^^•x*s 

B^a) ?rff5©*^tlft©ff5©i^»^=c^^ >; ;*7*/c»v' U J^J 

mxa^-^mcX -^TiftSS-fbA ^ h Ji^ -1' X ;^-^D°B?: 
5 1± -5> c i cc J; -:. TSfJS-r ^ C i t ^ C t *i C 

[0010] :*:f6Hj©— o©||Sfe^{cteli-t:«. *fn 



(4) 

5 

cnh<Dn±ktmQ 0 0-8 0 0 'C(Dmm(Durs.^ci]m. 

<t*)'j:<. -eUT^iJ^li 1 0 0^ •:'>'Aj:9ffl*^t^-9--l' 10 
[0 0 1 1] *I60J® — 3(D»$LU**6Slfl|(D*^tC 

h 7-^7;5:^iiS3li-?-L/rJSJC& ( 1 ) (CJ:-5Tf#e>tl 
A V -Y h '^CDT 5 :^ - VJl'mMWK.iSA S 30 

cni*> ( 1 ) (cj;-3-Cf#6n6J;0 fc^^^ii.^^?Ltt 

© (cfcossi^j:) ^KjiPd. ^fe^>'^c^-'^•xfes©*«^^^s^)6 

n -5. ^comcomm -^tifcy yitr^is.^^'y as c>-K 
fb^^^«i©igj-t^Kj;-3-rf#6n-5>fc©=t 0 fc^-c&a 

!^ia«Cz»<„ 7^J:u;^7A^^:^'X:^7-^J3S^^©Sf*L/^,iffi 

fflt*. Gate ommmc.i:?>mmo^itit>(r)n±mfAm 

©fcat>©St*:i ur-c*>-5. c:©J:5Aj:ffl^(c*ji,>-c so 



!^Pa^6 - 1 0 0 3 8 1 
6 

^n«> ;<7X5?-t'>©^:mf?±©M* 
^^©ff^^. C©:^?X|6*^©*^©r5{C^i^[pI*a3e 

-2. c t^^^ms Eif*©>' > ^^'-1:^^** ©^x 
h ux^^il-r^®#{b$n/c:^?£«. JiiT©Ml^: 

[0012] 

[istn 

(j = E a CTg-Tg) / (2 (1-v) ) 

Tc B> ^n^ti. '>';>i?'-©^ffiSi:>'^'i:Mr& 

[0013] *^B^>fe*)!fgiC#-r^K«, h ^^•XS)4>^ 

-7 ■:;-fbrJl'5-=-'? A7KfP^> A IF,. 3 

H , O ^M'Mm $ /clJ^SB^att-^^b^r 3S i . » * L < 

wjsaio-K^b^r -f fRftiof h >'^•x*i^^3 ns©oc^ 

MWCcfb^Si&W^jrfiJ-^. 1 •t.'L'© s i o, *;^c 
Ktm 1 *-'L'©A 1 F3iC>FtJS-r-5>4 2fi«§|5©rK'(b->• 
-YI^^C>[tb-Ci^^J54~62S«gP©H7 yitr)^:^^ 

iB!«m«^9=-;H2;i'p-xi^:^{cs^L/. cere 

S L < (*7K705?^J]QSn-S*\ S /c«7S -i' > ^■■«7Ki§?S^ 
L < t*5M5(?«t L/-C?a»D5*i^„ fftHi5JtgJS:^3 ( c o 
nsistency) ©?g^*«*&-r^fcd6{C+^)-)^C 

MSi'iSSS©^' " >ffmi^*^RR"r ^/c*cc+^^t 7^■ 
taRliO. 8mm~6. 4 mm©t>©r J;tr\ *lr>X7N- 
y 7- ^ t^^©ff liJi^fCffHiTC <b J: -5-C«nfc*g**i 

f#6nt:#/c. cn6©ffwtj?:> it:«SE>'M«E©Bfric 

[0014] ?ltS!< j^iliXf y :7-©Fa(C>4-^$ 

;Hr ;l/P -X©yMb(c J; •oT*T:±«r5S'fb-r ^/c&ic , 

i^.M©BU(ciT^±*^«§-li€.Ci*5»*Ll^ 
h7-;XRt;A7-f h*RXJSl&©WCcS(aJSn^:7 
W:'/X5:iiC^tiJ-r«6;^*W-r^ 1 5 0 o''ca<t-©isst,»© 

n-s„ 7 -^^sR^w^xci^itt. *P©nffl'Jccg*^n'rt,^ 



7 

aFRO'S i O^icfSfbT^fcesbcDX^^t'^^/^Btc 

S^ra?r«'Wfc-r-2)C i(CJ:->-Cj^f^)l:i: ( f u r n i 

t u r e ) RD'»P^S*^««-r 6/cfe(C-£i.^i §n 

[0015] :$:|gHJ©3l*Kfcl^r«. STS L < «±-C 

iC A 7 >r h ^ X :^ - ^B°a ?rSJli»-r ^ /cJ?)CD i^^c ^ ^' 
>^f*<DjitR»> ^f^ll#it4 , 5 5 1, 2 9 5 

[0016] ^'ftT;b5X'i7AfeS;^c. itm^fj:'&^t L- 
(cLf 1 - 1 0%<Dmm.it'cy -v{l:rJi'5^'i7A7Kffi 

>5 A?35flP©;^cat>©±^^aai3:, ■^tii^S.fZ^—Mit^ ^ 

»f6-r-5>Bftitt*5S>S©-C, *s:tD©** fcSJt)-CJ; 
7 •v'fbT^U5^'i'A&c^'r.K^t'^-Y*©it^Siia: 40 

{bTJU5-'^A^C:©^'U;^iSl2:>$-fi-TA7-f hfeT- 

mna $ti6 m^c , -en©^ h ;5^©gi555-« c ©jgsij© 
[0017] :$i^mm&-ri>micit. nmt^tifcs, so 
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8 

(9 OO-CRCK^njcOi) icmmb, -et-C. k;©JI5 

;5^f*S3nri^-2.r^fc, milgftrl-&!t?!i4A^-i' h^h-Yx 

*»W{cg!c^#S{c^?Ltt©?^©*sm©?^-e* s o 

[0018] jK^.'Msn/c!t?jp°D5&5jggj));acD:7 yim^ty 

:^S(C*Jt>T«HW©<b©T*>S„ 7 •:''fb!|59-l':t>©#^ 

©•c. ^n6*5^«ft4^«©/ce*©3^f#f*i uriSffl^n 

ftf)(C7 -^{b^^^i^Cl^Ci^^S-CA^o 2|£^B^©- 

fflii. 3S'x5nfc;b- h{cj;-^rAv-Y h1^^p°D^»j*T 
€. c i . ^ L-T C©<=t: ^' ''j:!^^?,* -7 V itm^^^ 
ffrlf'SC i^r'S^TSo 7 ■:'-(b^-1':t>l^*©XfflW 
rj::fjmt. X^-A*/c»jfll8i3tlfcxgf--A©«&ffl?: 
^tfo ^ij^tf. ^)Sft4«©/cfc©3^^#f*i L-rWffl^Jr^^ 

^;^Aii> -en>£itjs«£t/c?^-c, s^sn/c ooo 
°c) mmwm'picmms^Ru'y'^fcit^tiiML'c:^. 

-C*-5o ^©RfcOCC, 7k*^^'-i^«7 ■v-fb^-l'*>© 

[0019] c c-ca2-</c^?LttA7 ^ h^Pu^mm-r 
i»tt^=s-rs?fJ©S)'2>=^D°D^tb$5&^ffit<^3x hrssj^-r 

^l:bl5a<)S:^CC|i@-r?.Ct*s-C^So ^^:^*A 

S /c«. y ^yV^-. mumit. 14^ F ^ L < « 

j«a<*©ii>£iiig-r^ci;55-ct. ^u-cwi^tb^sjs 
m^^^-f ^<itmb x'Mi^ir s c i 75i-c # s o 

[0 02 0] W^i^M^X}#«={?'i^li*Bl#i^3 . 5 6 
5. 83 0 (^|ffliCj:oT:$:B^$ffl«4'iCiffi^5fjA*n€.) 

-So *^H^(cfi^ot:t^i§sn^A^f' fi4« 

c ^Stt J^cC mi b!|?!l . ^ij ^ T -"l- 5 CC J; -7 1 4C 3 - 

4>©(cj: 4flyB©/£:d6(ca^^ii(c J: otr^asnr 



10 



20 



[002 1 ] m'A^fm^i^mtttc. 0«^tf*H#^ 

3, 9 2 8. 9 6 1SUf4. 8 9 3. 46 5 (?lfflCCj; 

[0 0 2 2 ] :^mmu-^xmmwm.^m<<cx-oxm'& 
ji^ s c i {m-^.^w-r 4. * i,m.<ommt£]tmt. 

fc&tCi£i>Si3n-5,„ C©J:^(c;^#^j:M-©Jipm»^^S 

ccfflii-c*s„ co^M^^^f'f^nfcuoo^p^pora© 

8?^{*^»^Co°o«^rWr^©-C> A#^f>i-«> 

m V tcmh^&m-^t c <t «: j: o xmiff^ix hct 

©— ©R©i^ y > ^?'-©0':)©>t?:i4^-r -5 C i j; -5 

x%^?j-tLxi>ctt^x^^. coy^mc^^^xu, 

>^S^i5©i!f^B©4^$;^c>t*. j^.;K©Htric^^^cigM 
icg < c i * /ci* J; *3 /Jn5 i^c*jl*!§©>t^-liic 7* u x 

*»J4&C)''l d^mmj:. (joint)?: 

^is.sii^tcii>icb^ ■< xjSfSti . i,mmm i e cc j; 

[0 0 2 3 ] :^mM(Dfim fx "7 h-t'y i y i't,^. 
^tcSligi* (> 1 8 8 0°C) ^W-rSo d^-YX;^-*^ 

6R5<;s^fd©*iiSi*?^(c^^-ctnt,i^^:^a-c$>6o M 
te^c6{f A^^ h*/c«-?-©ffe©5^'rx:^;-*^t5l3-a- 

•2.'i:>g«^j:< . fifrigf*i'M^w^6f'pe.n/cffj©*^®)a°p 
©»p^©^(ccn6©rh-Yx:^7-*i^(iS3n. *><ur 
cRt^jA* nf#5 >^ X ;<7- ^ «j*Ri>'$^©raja*i 

[0 0 2 4] tt±«S/c, ^^-=-;^A©^fpatt?:^A■r•S 

/d*7 •;'fbrji'5^':?A*/c«ffls:aiBL/fc h-'N*x©i»>K 

12 (AT Fj . 3Hi 0) + 13S1Q, = 2 (3AL 0, 
1656 q 780 q 852 q 

^gpr2 4 3 6 g©aft«8 5 2 g©EII*A^ 
h?:4^$-&^<. C©I^W. 6 5%©tlll6@f**JJRIc: 
hXi1:^\K^m?&i^^^^'±^Ct^m^-ti>. 

{^J)nWAj:iJ?LS»> C4i6©]Sfc;!K5*»rbl,>* 
V h©?f$©m(Cie^$-li-6|^(cffiffl3tiSaiSfl*^6SI 

< ur. c:n6©isjct;!^». w*L/<«2~8afi%© so 



30 



40 



(6) ^^ip6- 1 0 0 38 1 

10 

-Yh, ^> h^yp:^^' >'^*'f P7 ^ ^SD''*:^- 
[0025] *IWg©»iJ©S». h>'>'X's©^to'(b(c5feil 

or-euT ^v^•X€:-e•©ffi©j5t&^^iil•^u■rA^-1' h 

CiiCj;-o-CA7'l'h ^fB©?^^^^^^^^ C i 
if. mA 5 5 i'a>*^^i©«i^^•9•'f X'N©jgi£;!Bj©it05^i 

A-s-^ btin°p©EEffi^ia^5i:^-r^ci*5-c^s„ 

ML'/c^^^•x©/^$^c. ^ij^i3:4 5 $ i7p>j;o*ffl*H^ 
[0 0 2 6 ]Sf^cc, S*^ic<t-ori2*6n?.J;^ 

X;^?-«iftJ?>6n/cSaf-C©*»^*^6-€-©J«r^^ 

[0 0 2 7 ] i^ATU. *l6H^©lllife(C*3t,>rffiffl§tl-S 
^H^roA^-T h4-^-fX:^;-:iJS;!^©s i'am&RZJf^i' 

\:im^icmm^^^i>y r d> dt--<Dmmt£mmxA^. 

[0 0 2 8 ] :$imM^h(D^icmm^<Diiim (07/3 

8 6. 1 8 6) ©A^-Y hd^-YX^-i^p'iia, ^«WCC 

tisais L- A ^ -< h X - A> 5 i'P 6 nr C ^ 

lJ5©?N^(c^t^/cttWicSBH-r€.„ ^ ( 1 ) Kii^ory 
^br Ji/ 5 - "j? AH7Kffl!^so'>' *Sft> SM^ct 
(,cj:-yxi^htii,>^&it. 8 0%ttcuh-:>t^^mx 
mm.mrj:m&itc*st.^x[t 

[0 0 2 9] 

[fb2] 



.2SiQ, )+ 9SiF, Cq)+ 36Hj 0(q) 



u 

(dough) ^C^^«<tL'T>'^^;^;A(Dff^*^3■a• 

[ 0 0 3 0 ] JStE ( 1 ) {cj;o-rf#6ti^}f msn/cff 

^±(D^nmt. U. S. 4. 9 8 4. 7 6 6<Oif 

X. 1 6 5 6 g07 7{t;TJl'5^':;AH*fl]!^. 78 0 
gCD-fgft-Jr^f^, 4 8 7 g(D*Ri>*l 2 2 > 

A^rj^^UrS 5 2 g©A-7W' h^ff-S, :i^!|?5«7c:© 

8 0 9^^?L14-e*-5C<i:*^7^ig-rS. iiJ^ttCOfli^?: 

[0 0 3 1 ] A^^" ^4^^'X:^-^^-=-:^ACDS5^ja4l4C^ 



40 



mtitcm^omicm'o . -e■uT^^■^^A©ff^A^5lMns 

^ p «it © ;^ci* j^^JCl^^ 0 T S I ^ ^ ^ - * A ©jfm# 6 
<?©;^'|';2,;^7-«> ia4^i(C^3n'2>J:'5iC5}'iK3nr 

2(A1F3 .3HjO)+25ia = Al^ SiO, F, +SiF4 (q) + 6Hi 0(q) 
276 q 120 184 

*ig*L/-c6 0 0-8 0 o°c©sia-cRS;jf$$n-s. c© 

eAl. SiO, F, +Sia = 2(3A1,(i .2510, )+ 3SiF< (q) 
1104 q 60 852 



(7) :|tP^¥6- 1 0 0 3 8 1 
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* »i«< . — lawfc 1 0 0 s/cw-etx«±-c*So tssa 

|gL//c^^'X;^-;)^P>fp6n/cZiX7t;f?f*«, 8 0%^ 

n/cA^-r h©c©#t4«!tis-r$)-2)o m^Mt^m^B 

Wr*-5.ff«©^^siIt*©A7 -Y hmw.U. 8 0%©^ 
WT-5H;x7c©S(<^fjf**S!!ji-r s c <b *5t? # 

[0 0 3 2] 

[1^2] E-E.e-'"*/cWE = Eoexp (-bP) 

m}>-ri>ctimm.ri>o :<7h3Aa«:(c*jc^-c»> 

^St4^.«i*t--S, ^©^18lJ©f5^^©^S)S^<:M:'714i^^tt 

s©fc*(c: 8 0 %$/c»-enj: 9 ^t^^Rt^rat?^RS5 
•a-^ct*sf^. ^orcne.©eT-:^5tB5as5n-c 

[0 0 3 3 ] UsO^L'^j:*^?,, af$©^ffi«^i ^— o©S 

( 1 ) J!i>6f#6n-SA7'f h^J^-f X:^;-!KJS»§i<'>. * 
n-5>Sf*^*i(<H©-'U-- h©—- :)KJ:-:;.-C*/£:«-e-n6© 

€.0 tia^WSL/fch^N-XW. Sf^Kl*. OT©^: 
[0 03 5] 

[fb3] 



30 



[0 0 3 6] 
[{t4] 



(2) 



(8) 



13 



[ 0 0 3 7 ] ±naLfccfc ^)iC, SlS?:ti»P5-tf§C i 
SE-rs, ±©^?rHf*!^4J©f»l6:b*^tf 7 r ^- 
[0 03 8] C©4>-5i4>^^j:A-5-l' 

(2) Kj:-orf#^ci*5rt. "^rbx^m 

Ci?:Sni^-r-5.„ StE ( 1) (Cj; -9r?#6ri^iR£!^ 
T-0i«ffW6n-5, T-2 5*fe^!^«. SfK (2) 
( 1 ) l,Cj;:-^x:m^^^tifc7 yitTJl'S.J^'yA^^iim^ 

f#^)n. — 7?!^f3©Ah-l'X:^?-«7KW3n/c7 y-ftTJl/ 
2^'t7AiJ^';;^i©JSiEc> (SISI ) *^6*DSCt* 30 

[0 0 3 9} A^-Y ^d-^-1'X:^-!^«CCM■rSili&«^=i: 
^?L)S$fi (porosity contents) 

!l^<l©<SSf!P% : 
a) mti^^titci^V-y^^^tlAti^QbX^Vi)^. BP 

%^nw5%©^?LK*{i®-r^ : 

c ) }f ffi 3 n/c i'* y - >>'^ ^ * A ij iif*sisti©a«-c 
^gpr 2 0 %©7KR2>' 5 %(Dmi$a]mm^^-t^ ; 40 
fflLrtt^sn/c. cne>©<55e*»{ct/-r. sne^^ 

77 
73 

67 
59 
46 
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©7 -;;{t!^*^A laS 1 O,Fjit^-Cj;0'bA 1 • 3H 

iltg*^6©#?]De<:^^JI*4?l*iac-rr 

7j<*nife^«*ij«^i>-r€. (iin%T-ig(*5ittt]-r?>) icon 

r. !B)©«^» J: 0 if>^c <)Jc 13 -e Lt:«t^©^)iSf?««j: 
(T) ^STiSjliT-X [^*, X«0 *>Att,0 iC 
2 S^^t^LT - 1 0 (^5 O^i^jrl^U? 59^^?L 

a) mfib< . -eLTT- 5 onct^uT- i o o 

[0 04 1 ] jglSttJg^--© ^>'^•X©^J)a/c^^*^. >'^ 

::.;^A©^)S?;tfflD3-t*^/c/c— ':)©::^r£-<:«^i:l<\ L/ 
ti->Lfj:ti^h. V'^Xit. ]i5^S-fb3n/c!^<*A5^J:*>tBS 
»IS L /c ^^ -Y X :^ - ^SIMB^JtC^^tC^S ?>!^«:©ff5-C 
t,>S©-C!RFM8fJ-C*€.. 

[0 0 4 2 ] /i»^< Ur, tiaa^SL/fcA^^' hd-^-fX:^ 

--ai*4i«®a^bu-e-t-r^jb-r?>/cfe©*>e> — :>©^ 
7-^' ^^i-^^'x:^-i^!S!^?:3p.^c^ff®ajbf ^fcs^tc'ge 

RKf -SC iJjs-C^-So — ovmM ( i n f i 1 t r a t 



T-0 
T-25 
T-50 
T-75 
T-lOO 

[0040] C tl6©tf»3n/c^?L]S©|iB. A^ 50 



ion) -C*-5o C©i«-^JC«. 



;^ - ^ ^ ^ * A fcrsm He J; o -r X 7 $ /c «^m!^?r ft 

a3-tt.5>. :'Xccc©»s:ft*fe«L''e-o-c?iif^t,^r*> 

fc«tt±^$t?TJU 5 --i? A^t < t*^r^^-;-;<©^b 
^^©f£S©fl5-rcfcl^o A^-Y h^:*^iS;3-)±-2>fci*CC'(b 

mV^U. h©S<*J;'5 4>^-C-eL.-C^^>J;0?S 

/c«ffi,«©^©ffi©3 -7- -f > i^im^h^fcM 
afafbJi'- hw> jg)cc;ttfiS^*i«fga{bHj^j*fc«3t« 

b-e•b■C''^::.;^A%*v^-r-5>Ci-C*•5>o C:n6©^^P 
^. A^-Y F^h-YX;^--^^^^^©-^©^!^©^-^*, 
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[0 04 3 ] bt^btj::^i(b. KSgS^tti, J;0i«(.^5ftt 

[0 04 4 ] mt(Dtc^<Di>^—0<Dm.^f^W&&^Si^ 
0MI£«i-©ig5$fJ;l,J„ I£Mt^ »*©BcD±©f£;;^ 

3 Att>ffl^I(C1?^^■r -5 „ i(^5«(DjSi;?{i c CD *(c[S] w 6 n 
[0 04 5 ] mmmQkt. t - o ^p°n(cM L/t 1300 

ji^^C^^ofcC i^/^To T- 0(D-y->>'";L';:)5 14 0 0 

■5*Sfci*^5ci*sr^. ^Lrcti«T-o«ci^L/ 

T- 1 0 ommomsiA^fb^m^ tii> c tAiccDmmm 

0''c-cabi5^Lrcn6©!K)a'&©-r'^r*5. 

^«9$n-S„ Tf:Ig©A-7-Y h^)^S!^©?&i». 1300 
h©e^^^W{C?S-:,T#jl(CMP>tl^brA^-Y h 

©/cfc{Ci?i5ET.?.;y'7X-.|:^ (glassy) ffi©tt14^ 
0©/c«?)r*^„ C©;^7'^Xt^fijr^ti|?ti«. SS;:c{E 

w^mmm^ ^i^'\kmm ( r e l a x a t i o 
n) w> i«c^iS:^?^is«S^rM«$ti?cy->*fl:(3 W 
L-, iKf^^^W^tO, Sl^««^^?|*^ac-r<. tttt (v 
i s c 0 u s ) ';--7-iPf«n6Ctl6©^m«c?¥^ 

nmma. mn'^m< b'tLx. ^nm&i>mtii'^}i 

^ ©)?|J^ ©^ X;^ -75mt^^ttr^b o ^ ur— -:)©^^ 



(9) !|tM¥6- 1 00 38 1 
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'Kffl©A7-l' hife^iS!B)©%i-tl:bf5L/r3|^ 

[0046] sffli?«©^) ^ — omm. m-msmv$> 

3 i'SO'i' y ^iSti^!^«©ffiffl5r$IJPS 

-rS^tetiTS^*^,. »*:0^6©SL< «Sf*^©ffl©& 

^mi^-^=^m-r^m^^titcmimmmv^?>, ai, 

S i RCN'0©J£M4«fSl^o A7-Y h^-Y;^;^-^H» 

C-r. 1 Sfciiz;^;^; ©tii«j{14«isrj:pgjg 

20 ffi«(ciH^s„ 

[0 04 7] *'X*"f>l3:, -^•-I'XSCi'gaJCfc-l^r 

»ft*s*-rSo c©i^-<x»flPWL.-r-5.©*«^^m{cB 

^i.^&i^^m&i'^bz^nh^m'^rh (join) 
ci-c&So ct«3/h$^cA7-Y ^J^'^x*-af*^i. 
atT* L-c«^L-c<t f) T^ifj^cit^^s-a-sc i*^ 
A7-Y ^^^-rx*-!^M«ibl5e<J^B{cs^•r 
n/c^©l«©g^i3:. 0-C^2SStx€>A5'-i' 
l^o S^3n-2.'^tK-©S77:^^6*-^'X:^";^)S)iSfiU^ 

[0048] mi^<Dmsi^'C^t<Dm<oummtfi^K):k 
40 ^jrv;t3«tijjn-r^„ R#63*i^i6:^7!)5;^M©?*jS{csi]a 
[0 04 9] u&m, L-ci^jJ:;:;^i«, M«^g©t^ 
(un i t s) cfcf3:'ct^d:?aSM&C>miS;'3?:ig«^ 

AKm*. imm>w±3^m (trips) cc^tjiD-' 
50 [0 05 0] ±-c-^^ 6nfc^ic;:^{cMt--5^». ^Wl 



(10) 

17 

[ 0 0 5 1 } h 3 AOJ; -5 ^j:j£ffl©fcfe©*<*©7'1f 
CO 05 2 ] 5'"tr>©a5:glW'7rA-3-C< 

r^©ffe©0?:±t515fiJ*^Wr-5>o ^^:^;^A©•fe;^© 

— 3©i2;l'75^6!?iJ©-fe^l^'^©32a©^lti^*lHlji§ti-2>'^ 
f?btl7'P-fe;^«, af*©ffi^«^€.i^-^c 
■S. ;^ h =3 A»*?rf'P?>/£:feiCffiffl3n^ffi:g©-e©fil3 

^fr©:fcat>cc£^5I-c*l), mmo&ma-^^i-^-^ :^^cj: 

©)i§A5ttJn-r^ic-:?nr=to5M< ^c^. ^m^mcm 



Wig¥6 - 1 0 0 3 8 1 
18 

*^-C^4, -oo^ijii, |l]D*S^Jt':>§/?©R^Wr 

■ri>vs>i^o 'e©^t!l©^5]^*^©•r■t>''('>^±lll-5>'^- 

5C i«. * h 3A©f£;fflicfci,>T{*^^mccss-r$) 
h ^ o ^/J^©)I:^3^ST « X 7- A ©59)^4 »□ $ o 

[0 05 3 ]*f^CC. ^N^:<;A(C*Jt<»-r«. §<^©ll© 

[0 0 5 4] iiffle^tcii, •fe;ut'->rx«^iiiM^5 < -e 

%<9^L/-csfc»f*©?fS[«iiSd>-r^o "turn.. 
A©tc:;ffl©/c*tcffiffl 3 n -s * ^ ^ - A {c w -s> -fe Ji/ 

•9- -i' X^Xjm9- § . X > T V > i'■©$lJ|^)© -eft 

[0 0 5 5 ] m-tmm^m-t^nm-^infcyviv ^ - 

[0 0 5 6] tl h 3 A©/c«?)©A-7 -t* — 
:^7AS^«. ^J^«U. S. 4, 8 9 3. 4 6 3 cftca 
'^6n/cJ:^>^j:. K<b>'N-7$;'>?A?r$tfa'?©?t^)l)!4 

SO'ft*lfiW{C^*Kli^cS©5^P r , P d o,<D^7m\m 
©il^tI*^}ftK5n^o ^©IJi^5i5#M^lfflicj;-:.-C* 
BJ*ffl»cti{CiH;!»^ji*n-2>> 1 9 9 1^4^ 1 2BiCfflBS 
Sn/cU. S. 0 7/6 8 4. 6 3 1 = 
[0 0 5 7 ] 

^0i|^-^^-5>, cn6©*]|fe^iJ«, IJiB^©BW©/ci?) 

[0058] 

C©ilte1JiJ«, T- 0^>^;^7A©iaiS?r^i|^-r-5„ 2 4 
4g©7 «:;'fbT^U5X'i7A (TJl'F'; •y?' (A 1 d r i 
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ch), ALF,. 2. 8HjO)^> 123gCr)-32 
5 ^ ■•^i^:^<DmMBi^V:^ (-^--v^U r^'Jti> (T 
herma lAmer i can) > ■t>'7-t'U (Mon 
t V i 1 1 e) , N J ) icmimV. ^VXm-JlZJl^tp 

S.JltpliCAtl, ^Cr 1 2 0ml (Dl%j( h-fe;!/ (Me 
t h o c e 1 ) m^Of^liCCO^-^ y ^-JCKP-^ < 

f**^fi6nSS-C^Wfc„ ;X«C, CCDia^J* (char 

[0 0 5 9 ] ^m.<i:>C(DX'^tm&i^tltc>\^l b'CC 
0 °C/:J}-©j«S-C»OlSi L/C. C n 6CD>t4 C CDS)g-C' 1 

t^mm-f^Lx 1 0 0 o'ctciiM-r^ssr i o°c/^3-© 
^viti (a) iPfi?) ©ii-si». ^imx. wmh 

[0 0 6 0 ] — 3©-!f >7";U;&. 8 °C/:5J©jISr 1 0 

0 o-acffttifiL/^ i^ti^T-en^s-c/^cDast?! 3 

0 0°CtcML//c„ C<D^^^:^A>t4C©fiSr BB^ia 
1(b) <tPf^) », 9mf}^^<. ffi««:^7Ltt-C> 30 

[0 0 6 1] 1(b) tcfcW^ J; -5 bTM^S 

nfc— 3cdm-k:> 2 5 -c/^wjisr 1000 'Oi^h 6 
0 0 °ccc:?/;^j8S^4ir??ft^'3 'J i'^^^fco 

^■n23. 8> 25, 25. 9. 26. 7 °C/#-©jSJK 
•CI 1 0 0, 1 20 0, 1 3 0 0Sf>' 1 4 0 0°C;5^e> 6 40 

0 o°c{cgi*i^i>-r'>3 ^^n-TLfc. s<?(D'>3 ■J' 5' 

intj:tf^-o-tc. r-o© 3 tf t' - A C ©jl"*^ 

fc„ §^©f-A©?S;a^, 0. 0 0 7 5 i n/53-©5' 

^^mvxwmvfc. iiii*5^o©-fe;u?:-eor;i§*3- 

s i C:©>'>:::.;^AM©a*H:f©?Smi 
0. 4 8 g/c ciSJ^Snfco 

[0 0 6 2 ] C©>'N^*A!g}H©X«g|i|*f (XRD) 50 
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^f-x*. Huc^snri^-So :y^;^t^tB©ffiE}®wii 
?rljefflL/rtf-5/c{fc^^ffw, cne.©5^-r;^/7"*5A 

^-r MIlS; (4 0. 0%©A I , 11. 4%©S 
48. 6%©0) ^JrW-r^Ci^^iRUfco 
[0 0 6 3] K{4«ffi©^SMm^SM^^X ( S E 
M) «, 02itJ(C^-rJ:^(cc©!gj«©5 ^'Ofltfi?:^ 

m&V^<0. ^L/-CtlSiS^U/c4-^'fX;^-©-y-^X« 
S-eO. 0 5~ 1 0 5 i'P>*fc«-eihJ:07^t(,i«SH 
•C*€>. <lSiJ©'^'fX*-«, INS{c?t6*^)5:affl*W 

Lr^N^iceB%t±i:?*^J;^ccM;?.S (03) „ ctih 
©* X -©jSjAMm-T-liSSt^^K^. 

M.-a-^cl>Ci^^Ofc (gl4) „ 

[0 0 6 4 ] Cne.©^^■=-:^A>t»^«J)PX-C^/Co 3 
/3 2 FU^Utf i; h?rWr-2>«Si,F';;U«r<^fflL'r0-:3 

©7a:?: f ujurgflw/co cn6©7A:is*3ac5{c i /4" 
fin-c(,i/c. cne>©7X©[5i'9(c«Bje>*^/d:i'^ 

[0065] mmm2 

7K*>6fiS-2.^'J->^M©f^-f Xi';^:, |g;^7-UXLT 
5~9mm©ra*^S&T-5iiSS**-r?)S*n 3mm© 

?fJ1:^4^3iCL/c„ A 1 Fa/S i O,i:b42/0. 9 6 8 {C 

itf^o/co cne)©^ -f 1 4 0 o°c-c?^£n§s^ 

cfrmiU/c. T'-i ^i'CDS.mmS.^. 0. 0 0 7 5 1 
n/:^©i'OX^ y Fji)S-CX i"J »-|g8(j-Y>X F P 

ymm i^fiX'A 202) *{gfflL.-ci¥ffiL/c„ ^±^?t 

mi310±56ps it Lrf#5tl/c. ]l5it)6n/£a 
SK^t*, •en^n3 0 6±4 9, 2 43±3 1Siyf2 
20-±37psi©, 1200 'C. 1300 "CRO' 1 

4 0 0 °cr©E,«sa^^i.fc. 

[0 06 6] nisgy 3 

^ A7Kffl^&y^'v' y , i^^l' 3 T ^'^ JU^Sf* 

^{^m-f^T-iti- (E 1 g e r ) 5 ;UcprM7K J-^? 

r sij ^ ic)f&5^i L fco c: ©,';S-c©*©^i i ^m^^v 

©■7 •:»{tT;U5^'?A©m'3»t^«, «att!l4l&^?r«J# 

•r-s/cJ?)(cmsTabi)„ iXiccne©*^*?: 1 o=.f0 

r^^'-i^V^'Cx.^y-jltp'ClZ : 1 3©-t;l'J:b"C 

fii^W^C?^^^^;|r:t--7>|g^0/c„ 0. 2%mm(DB 
<Dji F-fe;l'i&^iJ)WiCC©M-^!^CC?35jpL/Co -r-fXi? 

1 4 0 0°C-Cjl;KL/c„ cn6©f-'-< Xd7©^igffffi?S 
S«6 6 7 ±4 1 p s i -C^rjfc, $S*<h Ur4 5 5 



(12) 
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[0 06 7] cn^Of'-f ^^©±©miiJ^«. *n 

7-f ;l'^?-^McDjSji{^l^[^:^'Jl'i^- (Da r c ey) lo 
©^^ffifflOrit^Lfco -^(Dfiiti. 3. 8 6+1. 1 
2 (x 1 0 *') m'iSiJSSn/c, 

[0068] mMm4 

0 0 'cr/jKn^^m^-c;^^?^;^^ El 5 «»^fI©--o 

m^btc. c<Dm-^iti^-'<icm^^bxm^(icitii^ :^ 

[0069] n^mb 

||Jfet^3ictel>T5^-<fcJ:^(CL/t:l5@U. 1 Hz 

y^o^ ^mbxnmbx^^:^ti K^^is. 

^UT 1 4 0 0°C-C?j!£n-5a^ct3-CM;^U/c„ 
[0 07 0 ] >;jiCA5 h BUIEi^VVUil^^;?:, 1 5 s 
(D2 6%iyV :^SO'4 %r ;U 5 :^ V^VJl^f) ( N A L C 30 

0 I S J - 6 1 2 ) a6t>'iC9 3 . 3gCD10%T;U5 

(NALCO-ISJ-6 14) ^ffifflLrSSijS 

ofc, c(DV)iu^m^. MMmwrn'Si^mbxAsm 
mu. 12 o°c-c|g'«L'-eLrso-[i]«iSL.ife^i.^-c i 

2 0 'CX^mbtc, WtC^^^tiU^ 1 4 0 0 "CiCli^L' 

[0 07 1 ] mm^ 

bfc. cn^«> mmt£^^:^:^M. (1. 5^'>?-Sr, 

1 1 mif'-C^i' ( 1 3 mmS) t? 

icmMb, C©y^7T-f h*6 0 0~8 0 o°c©ss 
M^ct(,cj:-oXmMbtc. 50 
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[0 0 7 2 ] 1 ) ^ffi 

(1 3mmS) ?:lt:«7'U;^CCj: oTSf 

3tu;^c„ t^^^vu^r 1 3 0 o°c-ci zf^m^m^xmm 

mbtc. mmbtcy" -i ::^i'<DW-i^E.ifimmU3 l O p s 

i x$>-^fc. tmm {ms./mm.) « i e e i o -y^?- 
i^j:^?LS*Wf ^)•^^>7•;^^i. 06tl3-c0^-rsJ;'5{c 

[0 0 7 3] 2 ) iWrXtt 

umMMomwLtbxam^^mii^t'Cmt, wsmts. 

«1 2 0 0°C-C*B#3<T./c<. 1 3 0 CC-Cl 0%©<gT 

*ssi!^3n/c. 1 4 0 o°c-c?ss«, ^firi#6n/c^) 

©J;f3 2 5%L/*vJn3; < 7:cC=.2 2 0 p s i -r$)':./-c„ C 

S»iaS©WII^<!:L'T©f^-i Xi'Wffi^t^S (s t 

i f f n e s s ) ^SriT^-To cn6CDfil«> mm.-^nf<S\<D 

^m.(Dn^^m<Dm.m^m'&r i>ctv:.^'>xnhn 

[0 07 4] 3 ) j^'> 3 y ^iWtt 

1 3 0 O'C-CiS^U/c — ^©/^J:^;^;A^fC, ^2 5°C/ 
#©jia[-c 1 0 0 0 °C*^e> 6 0 0 °CiC:yxM^*ptp-C«l 

lalDM-^c, iHlDjiffiTl 10 0. 120 
0> 1 3 0 0S.S>'1 4 0 0'C*^56 0 o°c!,cm^m^^x 
i^s J i^^^^fc, ^^(Dt^B V PCOmx. corns 

^^:^^At,C2 5°C/fP<Dmi^X5-^-( 1 3 0 0°C*^ 

hiya y ■^^^^tc^mmmmbtc. xrd^^ 

y'>ncmbxmMbfc, — o<D-^>y'Mt, mzBO'C 
y^fp(Dm&XO) 1 0 ORO' 1 3 0 O'Ci)^ h<DAiM}%liC± 
fimmc, ^»/J^ncf lilt ( s p a l l i n g > y > 
-©HHicr-S o rSI^ 3 nfc, 

[0 07 5] g|»J7 



mBS©*^«i3n/c*:t';>ite± (•t^^>h> (Sat i 

ntone) #5. j:>y;l-^N;U hlifCcfc -:>rig^3n 
•tl^-i.ffl;0H>ir4S©*^'^3ri;^c:^r:tU>) ^. ^^^'IbS 
tli^cAl F^^KW!^ (5. 5 2g©AlF3. 1. 80g 
©SiO,. 2. 2 2g©tt±JftO'0. 4 8g©^h-fe 

0 0°ac;^.«£L./c. XRD©fe««. Sl^^^^^^iic 
A^-^h, a-T^l'5:^S!>1R«©i";x h^A'^-r ht? 
*-5C<!:*^l//c. h>'^'■7-1' h©#ai3:^'>3 

;^5:^l&*^/c^i7 •:;'fbT-'i/5-^'i7A7Kfpi^*?^J]0-r^) 

C i J: -o xmmbfc^fS.m^<D'Mm<Diy V **|f « 0 
^L-C*ntcJ:o-r 1 0 0%A9-r hifflfiS^^ff SCi 
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[0 07 6] mmms 

;UhASP-172)^> H'-iy-cpCOA 6 5 m 1 

[0 0 7 7 ] -?-n-en2 9 7. 5SO'14 3. 9 g©7 
mXiyVi3M-k^^'>-<'yi^s.)lL. 145. 2?<D±-c 

U r f ? W § n CD J: 0 4> * 6 < ^ L- -r T o i ^ 

[0 0 7 8 ] g||fl9 20 

0) ^mm-r6tctb<o:m^^^?>o 

[0 0 7 9 1 3 4 8. 5 g©fi©7 ^fbTJl/S^^-^AZ 
7KWtl?:- 15 1. 5g©. -tJ--v;U T^ViJ>(T 
hermal American), -t>h K-il/ . N . 

J. i}>h(Dim.m<Dm7ii<D^Lfcm^mr.mit^^M 

(- 32 5^ -jiy^x) t^-<y ff=.)ltp-cm-^btc^ C<D 
2 1. 6 g©l£l^/cy H2;U'"'>^>'l/-fe-'l' 

/c, 13 0ml ©M-<:i->**C(DS^(C^*n 

f;^ h>}faiti5rfSffll/ri/'i 6" 

/Co ;XtC7fe?5M©tPW!t?!l?:. 1 2B#P^7 5 o'crj^Ens 

i|sgS14tB*U>'>*X-C*.5Ci*^L'fc. :^3B-C4 4 1 g 
3-;u-C*.S?Kf*<®i*<t^^ic-i<-;L'5;U4''C2 4 g©- 40 
fc, 2 4^ra!j<->'i'5;H&S?^L/)^cf^-c. c©ig^^^i)i 

ffit^brfg^U/Co C©ie;^LfcVl^1^!?:. 2 3g© 
j( h-fe;l/20-2 1 3>'^'-^'>^'<!;^^^Ci'l^L/•€■l/■C^^•■7 

ifx}V^'cm.'^\jfc. ^giJ-ci 4 Dm 1 ©*?:as*nu-r 

X l>>ffW«?:<SfflLt:5 0 c p s i ©1 . S"©^-^ 
*aur>'^^;^A©Jf5icffttit>fc : liJ*3«*^0 . 9 m 

3 5 0 °C{C±tf : 3 5 0 "C-C? ^raS^L : 1 0 50 
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-CI 0 0 0 •c«:±if : 8 'C/'9i--v i a o o "Ctciif : 5 

°c/^>r 1 4 0 o-c(c±cf-c9 Q^^-mm^f^w^T^T 

2 5 'CX^V 1 4 0 0 •C(C?&^br ^ h 

[0 0 8 0 ] 09S:i>*0i o«, -eti-en, c©^>'^■x 

>- U :^mJ4i^;^^t-SC ifc j; -,-Cf#6tifcfc©© 3 
i'Ptiig^^-ro C©il)!fefiJ© h7A-X;l'- 

So 

[0 08 1 ] Cn6©m*:/^*nci77 

3i.iitcfcut:«3 5%©*sM*j5^tt^$n/c (mmm 

1 1#M) o ^J?X^©affllS (BET) »lmVgt? 
*-:j/c. jfi-fx^-orx'^i? htbl* 1 0 0 : 1 
:^**^-^/c„ 1 0 o%?Sr*^„ ^^'fx:^? 

-© S E MgRf*^^X*#PI-& cfco 
[0 0 8 2 ] ^m©iSi^?:, f - i'SSi b-Cl 3 0 0 

- 1 5 0 0 'CicmmRZJ^^m^mr^ C i ic J; o r^ife 
©i;b*5©@W©/ces!)CC. mi U*. ffi/hfct50:t';>?:A 

»©^ffi±©*4^«. 1^0. 1 si'aS^WUS : 1© 
r^^i' hi:b^^-r'Si^>*7-ff5-C*)S„ 
[0083] glifegdl 0 

C ©IIJfilF'Jii. H Xi|« 3 n/c A ^ h ^^ -1" X * - /^ 
* A ^ , WBMii i L r i'' 3 - ;u^ffi§i] il L r 
fftii-r -5 C i J; -5 i:$li®-r -5 C i^^r # C i 4^5^ 

[0 0 8 4] h ^^'X/i^ y :^)l-&f5^, ^JS^|9 cf^f 

-<6n;^cJ;^4c L--r«{^L/c„ ;j<>;xg^u>i^"j n-JU 
^r, lSa%*»©Ji-C^C^/c?l-^K:^J)nbfc„ 

1 0 m 1 ©7j<^^ftOL/rffWaItg^c^-X h 

wmv^vxfimbtc, 7^:::;<7A©^1■saso'14w». * 

WJ9 43t;-a!-</c©i|3]Df*-5fc, j^tC^L/T©* 
[0 0 8 5 ] ^te^iJl 1 

C©^W*. h7^-X*7 5;{bT^l'5J:-'^?AH7k«11^}S 

mM^mcmm u . 7^:^ A©ff${c u -e o t 
mmi^-cmKmiftiytcM.'y ^^wx^»-7^^;^A^*^ 

30%©A^>r h5^-<X*--*^h7A-XRO'^x>J*© 
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[0 0 8 6 ] 2 49 gCOV ':^itT)VS.:^'^A^7i<.m^. 

1 2 0 sor-mit^-^mR!:^! i g©j|jfe^'j9ti3-cai'^ 

xm^tcW^-^m^mmotc. 2 6 g©^ 
?rC®^l=./dg^!^{C?^JnL'/c„ ^gPT 1 0 7m 1 ©7K 

^?^ttiL.^ur4 o^racte/co ;xicc©s^^^> t* 

;^ h >Jfail^igd&L/T5 0 c p s i ©^-Y^atT/^ 

1 4 0 0 "c-cj^it^ufco i^^jci^b-r 5 5 %<D&miM^ lo 
u*©S)^:;^cj:or^Dfc„ cn^o^-rx^-o^o 

it, y -J itr )li ^^'^ M.R'^^i^ <J iJ(D^&Cj:-oX^!& 
^tltc, C<D^^::-t/Ait, T-0 (^m<Dm^tcm^^ 

(c h^^X^f^ttibncTJ^o/ci)©) r*?>l|}i^!li *-cai 

1 1 (D^mmt, 3 0 %©!^ -< X ;;7":<>5^ZlS5S^^CcaS 
en-So ll»j9SO'l OtJT- 1 0 Oi)?S^ (BP^, 20 

[0 0 8 7] Jg);t:;il^!^'^©<i:i9Wt.^ h^^-X$S^<£ffl 
[0 0 8 8] 1 2 

egs!i;5)'©$i£c>fc*0*rM^;^^. ^-^ 7 i^-sjui^-cy u> f 

Ufco C©ig^M*. 24 9 g©7 ■:''ftTJU5-'i7AH 
Tkffli^, 1 2 0 g©^l!|i^U*. 7 1 g©IIJfet«)9 4i-C 30 

a^'K;^c=l:^^cLTli^3t$n/c^^^•x^ ri^z 2 g©$!;i^ 

(^^>^ ^S;^;!/©:*:'; i^'Ja-Jl' (P 0 1 y g 1 y 
c o 1 ) E-4 00) fgt^/ciB5W©0. 5S«%© 

firCQig^^CCfaJOL-fc^ 9 1ml ©^M©7K'&C© 

h©-!^-^ x*-m(ci^TlilD*lR{c|Jeot:M)ib 

re 4 c p s i SJ>'2" X 2" ©^A^;^/Ajt^WtHL 

/Co jfai!^©^67:>^^sm^o, -ijm^mmo^ 4o 

■;;5=->5f -l'y©«T-U>i^4'-CitiW©f»-ef^«SL/fc„ « 

^^U>^©^ilBl©rtffliJiCS/!)itifc 1 y 2/ h;l/©t'-;^;- 
(c?¥SE-r ^?k{c J: T^I^S 6<T./c*^.m©#?ST 

S*>^^CC^?K©|f-r' (flaws) ^r^L-TC^fc. ^^(C 

cn6©M-* 1 4 0 0 •c-cjgs«si/riijfi«ai i i cfr^-t 

fc©i[3)Difi^*»fc. 
[0089] 3 50 
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c©^0»«. ig^so'jipffl©w:^*i«a©i§iGg|5^* 
isEffl trusts n^-wx i^v -wmm^^m-r^T 

y •yitr}lS.::.'^Ati^Vt}t ©JSlC©!^*^©!?!© 

[0 0 9 0 ] ^SPr2 4. 4 1 b s©:7 -^jbr^l'S::-'^; 

AH7KW^^, i/^"-v5+-t^-"Cf3r 1 5.71b s ©H 
)te^ij9ctJiCfcW^J; ^{CL/r*JjS$n/c h^N"X<!;7U> 
b'Lfc. C©®^*. 7 3. 8 1 b s/h r©jISr 

itiae-rs-Wixi' y *-«iiij«iK:fifi«* doss 

-in-weight) ^-<V'<DV a -4^-*]gSLr 
l£;^«$&L/c. 10 0:1 5©J:L©i^'J:^ (^Sfit^U© 
iPID) RDf|£t»fc.X h-feJl'©S^=&. 2 6. 2 1b 

s / h r ©jS)Sr|5]B#(cfM^ L fc„ 7K/ i'' y =3 - 

^ ( 2 . 7 %© i'' i; 3 - Ji/ ) 4> s /c34tzcc c ©wmiscc 
«*&L./c„ cn6©i9*SLOW4. ii^b-e-tr. w 
tH*s©?^*P3n/c>'N'u^p^aL/r^or2" x2" 6 4 

c p s i ©7^^:^A^^'^'?raL'ra^/c„ ;x(ccn6© 
Jfm!^^> S^©S$(cx^-YXL-eL.ri|]te^?iJ94'r 
ji'^/t J; ^ tC7K^^©#^tTr ^acf * /c u > 
tfi©<!:-%6*>rfe«L//c. c:n6©}fffi!^«> J^-prnM 

iCCi'^ •:'+>^''^^$-r^L/r> -e©5 o%/&^^^•x 
SO' U * ©SlEiC J; -5 r 16* L/ /cffiSilS U /c A ^ 

h ^^ X * -?:*)?R3 lis fcibtCl^ $ n/Co 

[0 0 9 1 ] HfegiJ 1 4 

mt ^tcm^mS-W^Wiy •) ;^7*a^ccs^}ft^r =3 a ^' 
K->';*^ffiffl-r-5C<h*5-c#SC:t?r7j^T. 9. 6g 
©fi©*)!ffe19iJ9 ct3t'ai'</cJ; 5 UrKiSSn/c h^^'X 
S.O'0. 4 g©l£lJfcy hH2;U*0*?:. 5 0aS%©i^ 
')ti^^^W)ii^yYrQ^i>\ . 9 2 g©^7K3a-< 
U:'? (NALCO- 1 05 0) tS^L-fco *€r^^'^^C 
^»PU^©ISI^C©-^-y!. M*2 1 %©7f<^WLrii 
fco ;^:4cc©s-^^. 8 o'crs 0 O O p s i ©li;'3 
n. 2 5" ©@©-7^^x^(c:/uxL-/c„ ;?:{ccne. 

©f'-y i^jEL/^Ur^e . 8x3. 3mm©»T 

^ . H,>s ffl If i^iicc <t o r K M r ii^.Kf s i ^ n 
^>©®is»7 000-9 ooops i ©rar^^to/c„ 

^tn- F>";:^^ffifflL'rf'pe.nfcc:©!^M©?S)S!*. 

jW^Jf5»^>";:^JCj:orf'Fe.n/c-e4iJ:'3 *)2 0 0 0 
~3 0 0 0 p s i /cWiftj!)^ofco 
[0092] jeSfegdl 5 

il)!ife^?ij9 4itc*3W.2,J;^iCUr$?3»L/fc^g|3r4 5 0 g 
©7 -;;il:T;i'5-=-'t'AH*ifai^, i^';;^;/^ Hr;l'©-^ 

1 0 0^'^^'*©^>'^•X?r. '>^'V7'U- 
5 ^UttirJlJife^J 1 3 (Cfcl^rffiffl Lfc© i [5] citr 
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2. 7%^v^-)i'mmtoxmuaL'. ^b-cc©®^ 

W^Kjtc, <K^<.C<}:>^-7.\-^. 1. 5" S©>^^;^A 
ffJcD 7 -f - ^l/^ff s!>(c ^ P X ?r ^ffi L- r 5 

0 c p s i (D¥ A-^'Ml,X.V'V7.\^fc, •^X^'CCti^bCOn 

es6Jci 4 0 0°cc7:)SKr^a4't?M;^L'/c„ ;X{c— 
©M-^, ?2*iL^U-C55^;^L-CM^'i':i--:'i^*='-h© lo 

mi^^omm^^mmutc. c©'!;*5»'>ir3-h«, 
«g©f*-cJ^-(ca<*(cs«ufc. ^>c{cc©>4-*. ^m<D 

JStKll^^fflbrc,H..M{t, so.*^6s03. CO 

C O, . SO'N 0;^^6 N O, ©fci6©M«?§tticM 0 

rscmu/c. c©te^l:©ife**JWT(c«^^S : 

CTHi.lSfli 3 7 96 

S02*^SS0j 2 336 

CO«i&CO, 6 2X 

NO^i^NOj 3% 20 

cn6©IS*«, A-^-f h;^-(';5^;^-^^-:^*A»miS© 
*^il-<--;^©"^3f.i.i/i3- h(cj;->-C3- h-rsc 

[0093] mmm i e 

[0 0 9 4] HWJ 9 J; ^ , :^ ^^'-^ 

7--<©0^C/t^-<:^*"*Htl3-c$5ijgSn)t5 5. 2g©h 
/N'X*. T;U2:^jH'--'l/*4^^*-C^«L'fc2 0 0 c c 

§a©7}t-jL'5;ni3t?3. 0 g©?§M'>y (-^---t 

(Th e r mo ) Tp";:'?>, - 3 2 5 ^ ) ijtt 

^Lfc. 7K*!^Jnu-ccn6©5j<-^i'*st\ ^utrc 
©s^!i«5%4 8 mmmwox^^mcmt^fsv^^mm-mc 

[0095] lOOcps iSiC>'T- 5 0 fflliS^Wr •5. 

Ail©iiBi:^©ffi©±K:)j;if, -et/T— o©>t*— Ifti k 

1 2Btra 1 4 0 0°CCC^m4't?)t;'('X:^7-*pcp'rj^J!EU 
fc. C©^R!E!B)(*jl«S«{cJ;^@f*«^*W-rSJ:0(cm 

[0 09 6] « V©^jgR0«JII»*5. *^H^©ttHSO' 50 
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s n/c« 'J ©mm» . ;$»B^ ^ 3 e> uiHj -r s /c 
«)©set)©/cjf)-c*o. ^^mm^mM-r^ct^Mmb 

[0 0 9 7 ] :^:|feBJ©i^cS!^S!{Sy®««OT©fflO 
[0 09 8] 1) a) -I^W^C^^•'f>^^> *f03nfc7 

■Hbr ;b ? ^ 'i' ASC^-M^t-^ -Y *©i'M^^4iS!i*t- 
: 

b ) XT- y ( a) *i6©feil^i^4 < -30C»/ci^±tC 

^3-a-6ci : 

c ) »l6tl*^*t^c*56Xf- ■7' ( b ) *^e©igJT:± 

d) |gtiSil*SU/c^-?-t>J b^^XfeB^B?:liliRL. ^LT 
n^lb-^-YsS&C^KWSn/c^ 7'fbT;L-5-=-'5A, 

f&w^^f|J^■fig^^^•xi?l^$n€>) : 

e) Xf (d) 7!):>5©ig-^i^^^^^^^tCifiXS-& 
■SCi : afeWc 

f) 7{b':r^'*4^tf»^^?:^*L.i^c;05-e>ii5<*e. 
n/c?alS•r^^^^:^A?:, it^^^^;A©A^-1' h^^-rx 

StiSiiteUi^cA^^' ^^^^'X;^;-^^WL/rfi£5/^:::• 

5^; A Jg©!^p°n^^ 3 fcto©:)^?£„ 
[0 09 9] 2) Xf-i/^' (c) «:*SI»-C ^-'^•X?^|^3 1 
8 : i©SStt:-cnK<b^r-f5RtM^u. ^urxf 
7' (f) Oc*5i:r-S-r'^T©A9^' b^r-mit^-^MRCf 
h^^x©jgj£;tc<±:-:>T*ja;3i±€.. ±iBHciB*S©:^ 

[0100]3)Xf->;;:7'(c) (Cfcl^r ^-'^■X?^, X 
f-';;:?' (f ) (C*J(,^r^;S3n-|)A5"f b©— g|5;5^ h/N* 

XRt;'-^<b^^*©JSiS5!)^6il«3ti. ^bx^(Oi& 

•;'{bT;b5::->^7A7K*n!^<i:©jg^!^4^tCi^3-ti«.. ± 

SB 1 iciBtg©:^^. 

[0101] 4) y •yitTJlS.s^^AEJiim^: — K-fb 
-^^-^i h ^^•X©l:b3!»i. ^tl-en?^: 
[0102] 
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1656(1 -x/100):60 + 720( 
0<x^lOOT*0. -^rLXxU-mit^-^ 

lEsn-SAv-r \-<omm%'c$>^] {cj:^r9i^3n 

[0103] 5)i|^5~10 O^CDA^-I" f-J^-i-X;*?- 

[0 1 04] 6) Xf--^ 7* (a) {C*J^^€.>'^*-^>^^*M 
^;H2;uo-xRcK^k^$WtrRSi. ±iB HciaiS© 

:^S= 10 

[0 1 0 6 ] 8 ) ig^^*^'>^?^ h^^•xac^-^^b^^^' 
A7Kfn^, Sfc«^^^•x. r.mit'r^m. y-jitrji^ 

& 20 

[0 10 7] 1 0) ^A'^-f ^.'^^/7A*^aalSl34a/cX 

[0108] 11) ^J^:^tiKi!A'pt£<, t h — ooyffm 

[0109] 12) W^^tiKifih.v -{ hmMWVilU 

8 9 0 'C'S:m^i>Um.-cmm$tli>, ±gB 1 (CfB«<0* 

13) a) — B^W-^c^-^-O^"- *W3n/c:7 •^^^LTJl'S 
^ <t; AROfni^Yt-y ^©ig^i^?:KS-r ^ C i ( C C 

•r^KfPSn/c:? ■^-{tTJUs ^'i'A&c>"^{l:-!r'i'*(DtiJ 

i>) : 

b ) ( a ) 30^e©Ktg^f)* < o-:>(,i/c*f±{C 

c ) y^T-v-y {h) i)^h<Dm.n±^. m^±i^mm.mc 40 

d) i^-"5-^:^Ch^^•X■fe^^ ^^^•X^CDJgJS(CJ;-7TA^ 

e) (d) *i6©Jl^i^*>'^^*Alc*^3l± 
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1 -x/1 0 0): 1 1 0 4 x/1 0 0 

f ) »f6tI^I^*L.^cC*^6iS^i>6n:^cSlg•CS^^^5^A 

K-'^^;^?ACDA^-^' ^4-^W'X:^7-'N(D||KW^C^:^ 
(a) (f ) tCfcHf^jK^55E«. ^S^&©Pfl. ^(D\n 

*s«ii4>J<>7VX7-A^m/cj^'f-c^3n. -eu-c 

•5, taSil^SU/cA^^ hJ^-f X;^->&^WL'■rJ^£§''^ 

[0 110] 1 4) A^-Y ^•d-^-1'x:^-cDH:'X7c^saa 

iiiif;i-5''^^;<7A, 

[0111] 15) m^^imtm45%-7 o%-c* 

s> ±iBi 4(ciatg©^^-;^A. 
[oii2]i6)i^i8:i (ommit(or.mit^-^M 

llS^ig^^^CDJSftvA^ PiSli^Sn/cA^-YhJj^-l';^*--?: 
^Wt-CfiK€»'^^;^?A-e igjg-^!^*5^M>3?'<b 
— ^ttC^^Sti-ei/T*^! 4 0 0*"Ccfc01«t,^SS-C©i^ 

j^tcjfefi -5 -r m § n r jf^fiS § n ^ ^ ^ ■=- 5^ A „ 

[0113] 17) mM.»mLtc^^-iXh^<:^^^Bt. 
©Sf&JCj;-:>Tm3ti/cfflS:afeL/fcA7-^ hJi^-f >^ 

;^7-^^Wur)S?)^^-*A-c$)-or, ig^^^■x. urn 

ft ^n^L-ti^ 1 4 0 o°cj:OiBi^asr©j^>^{c5ta: 
o r tH S tiT Jf^figS n-5 A. 

[HMCDf^m^cUiH^] 

[01] T-0i^>i-©Xi|g[p]ff-'-;^->'CA^o 

[02] T - 0 litK-oa® ©^2M«^=-fiJS^^*r * 

[03] T-0!e5W©Sit»M^*-C*6„ 

[04] A7-r h^^-i'xx7--fiiw©--^©w-©ra«cff5^ 

[05] T - 0 !^M©gM»^K"C* So 

[06] A7-^h>^-/X:^7 -fJfaOII^^SS^tSI^;^© 

[07] A^-f h->J->-1'X;<7-!^p°p4CM|-rSJI»?^a[>Ptfi 

[08] A^-r ^^^-Yx;^;-!8J^^.^cM■reffl*fS3*f)S 

[09] h/-<X (T- 1 0 0) -lU- h*>5*lB$n/c^^ 
j:.;«7 ACDltJS«:(D«Sfcl^^*t?* S„ 

[010] 7 ■:;'fbT;U5^'i?ASiy''> V^A^6il:ict![ii 



(17) 5f#r^W6- 1 0 0 3 8 1 

31 32 
[011] J^^^LTA^-Y hCCL/^L^T:^CCC:0^2'Y ( c * So 

au s t 1 c) ^Cj:orv*WLTJSJt^(Dr^CC^^S§n/c [012] T-5 OffllS^WTSA^^ h^>fX:^'-^ 

1tit?r^T2 0. 0 0 0fg$TCDSEMP.SS[^^*r4>* 
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